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PREFACE 


The  study  of  the  Treatment  of  Wastewater  generated  at  Kennedy  Space  Center  and 
its  projected  effects  on  the  design  of  the  STS  Hazardous  Waste  Management 
Facility  at  Vandenberg  AFB,  California  was  prepared  by  Fluor  Engineers  Inc., 
Irvine,  California. 

It  describes  the  procedure  used  in  obtaining  data  of  a  similar  operation  at 
KSC. defining  this  data  in  a  laboratory  analysis  and  then  extrapolating  the 
laboratory  data  to  a  commercial  design. 

This  work  was  initiated  in  December,  1982  and  completed  in  October,  1983. 

Mr.  Dan  Pilson,  Headquarters  Space  Division  was  the  Project  Manager. 

This  report  has  been  reviewed  by  the  office  of  Public  Affairs  (PA)  and  is 
releasable  to  the  National  Technical  Information  Service  (NTIS).  At  the 
NTIS,  it  will  be  available  to  the  general  public,  including  foreign  nations. 
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1.0  EXECUTIVE  SUMMARY 


Based  on  extensive  testing  at  KSC  on  STS-6  and  -7  and  on  historical  data  and  on 
the  analysis  presented  in  this  report,  we  find  that: 

o  Project  Book  data  on  wastewaters,  adjusted  for  Vandenberg  raw  water,  are  sub¬ 
stantially  correct,  with  a  few  minor  exceptions. 

o  The  wastewater  treatment  plant  design  is  adequate  to  treat  the  projected  STS 
VAFB  sound  suppression  water  and  washdown  water. 

o  The  treatment  plant  unit  processes  were  verified  with  jar  tests. 

o  The  sludge  resulting  from  the  treatment  process  will  probably  not  be  hazardous. 
The  design  basis  will  be  for  a  non-hazardous  sludge,  but  with  provision  for 
proper  handling  in  the  event  that  it  is  hazardous. 

o  There  is  a  possibility  of  concrete  damage  in  the  flame  ducts.  After  first 
launch  at  Vandenberg,  an  assessment  should  be  made  to  determine  the  extent, 
if  any,  of  concrete  damage  in  the  flame  ducts.  If  extensive  damage  is 
observed,  a  design  should  be  evaluated  for  partial  neutralization  in  the 
ducts  following  a  launch  or  coating  of  the  concrete. 


2.0  PURPOSE 


The  purpose  of  the  study  is  to  summarize  the  activities  establishing  the 
composition  of  wastewater  generated  during  Space  Transport  System  (STS)  Operations 
at  Vandenberg  and  to  confirm  the  wastewater  treatment  process  reaction  kinetics.  To 
support  this  objective  the  study  evaluated  representative  samples  of  wastewater  col¬ 
lected  from  the  first  seven  launches  at  Kennedy  Space  Center  (KSC) .  Comprehensive 
laboratory  tests  were  conducted  for  STS-6  and  -7  to  prove  the  process  design  that 
has  been  developed  to  treat  the  wastewater  to  a  quality  suitable  for  reuse  at  Space 
Launch  Complex  (SLC-6) ,  the  Vandenberg  launch  site. 


3.0  BACKGROUND 


A  new  generation  of  manned  space  flight  began  in  April  1982.  The  first  Space  Trans¬ 
portation  System  flights  have  been  launched  from  Kennedy  Space  Center,  Florida,  and 
are  conducted  by  the  National  Aeronautics  and  Space  Administration  (NASA) . 

In  addition  to  the  eastern  launch  site,  a  western  launch  site  at  Vandenberg  Air 
Force  Base,  California,  is  being  built  to  provide  launch  capability  for  polar  orbit¬ 
ing  satellites.  The  Air  Force,  which  is  the  Department  of  Defense  executive  agency 
for  the  Shuttle  Program,  will  have  the  responsibility  for  all  Space  Shuttle  Vehicle 
launches  from  Vandenberg. 

The  shuttle  rocket  motors  consist  of  three  Space  Shuttle  Main  Engines  (SSMEs) 
fueled  by  liquid  oxygen  and  liquid  hydrogen,  and  two  Solid  Rocket  Boosters  (SRBs) . 

The  major  emissions  from  these  engines  will  be  water  vapor  (main  engine  emission) , 
carbon  monoxide  gas  (mostly  converted  to  carbon  dioxide  during  afterburning) ,  alu¬ 
minum  oxide  particles,  and  hydrogen  chloride  gas.  Additionally,  a  great  deal  of 
heat  will  be  released.  During  the  entire  ignition  and  lift-off  sequence,  emitted 
rocket  engine  exhausts  will  be  ducted  under  the  launch  pad  and  discharged  to  the 
side,  whereupon  the  plumes  will  rise  and  merge  into  what  is  called  a  ground  cloud. 

The  mechanism  causing  this  rise,  and  thus  inducing  the  strong  convective  currents 
that  will  lift  and  transport  dust  and  debris  with  the  cloud,  will  be  the  thermal 
buoyancy  of  the  hot  exhaust.  It  is  to  be  noted  that  this  is  a  highly  localized  and 
short  term  event.1 

At  KSC ,  during  ignition  and  lift-off,  deluge  and  sound  suppression  water  is 
required  to  cool  the  launch  pad  area  and  minimize  acoustic  impacts.  The  waters  flow 
under  the  launch  pad  and  combine  with  the  rocket  motor  emissions  into  the  ground 
cloud.  Due  to  the  tremendous  velocities  and  heat  created  during  lift-off,  these 
waters  will  be  in  both  the  liquid  and  vapor  phases.  Water  continues  to  flow  after 
shuttle  lift-off;  this  remaining  water  is  collected  in  two  holding  ponds. 

As  one  would  expect,  these  waters  are  extremely  acidic  due  to  the  hydrogen  chlo¬ 
ride  gas  that  is  scrubbed  out.  In  addition,  metals  (from  the  structures)  and  debris 
from  the  ground  cloud  are  also  scrubbed  out. 

The  localized  effects  of  the  ground  cloud  cause  acid  particulates  to  be  deposited 
in  and  around  the  launch  pad  area.  To  minimize  corrosion  from  these  depositions, 
launch  pad  structures  are  washed  down  immediately  after  launch.  These  washdown 
waters  (highly  acidic  and  containing  metals)  combine  with  the  residual  sound  sup¬ 
pression  water  in  the  holding  ponds.  Regulatory  requirements  of  the  California 
Regional  Water  Quality  Control  Board  do  not  permit  the  discharge  to  grade  of  these 
wastewaters.  The  wastewaters  must  be  treated  and  either  reused  or  disposed  of  by  an 
approved  method  (t.e.,  land  spreading,  evaporation,  etc.).  Alternate  approaches  to 
treatment  are  disc  3ed  in  other  documents.2 


1/ 

SOURCE:  FES  -  January  1978,  Space  Shuttle  Program,  Vandenberg  AFB,  California 

2/S0URCE:  Fluor  Engineers,  Inc.  "Process  Evaluation  Report  For  Wastewater 

Treatment  and  Disposal,"  December,  1982. 
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As  a  first  step  to  designing  a  wastewater  treatment  plant  at  Vandenberg,  we 
obtained  test  data  from  KSC  to  establish  the  water  composition.  Design  basis  for 
the  project  was  based  on  projected  deluge,  sound  suppression  and  washdown 
requirements  for  Vandenberg  plus  data  from  STS-1  and  -2.  With  the  Project  Book 
water  composition  established,  Fluor  began  work  on  the  Hazardous  Waste  Management 
Project  in  December  1982. 

In  the  early  stage  of  the  Hazardous  Waste  Management  Facility  Design  for  SLC-6,  we 
evaluated  the  process  alternatives  available  for  treatment  of  the  hazardous  waste- 
water.  The  findings  were  summarized  and  issued  in  a  report  entitled  "Process  Evalua¬ 
tion  Report  for  Wastewater  Treatment  and  Disposal,"  December  1982.  The  evaluations 
were  based  upon  design  criteria  specified  in  the  Project  Book.  This  report  is  a 
follow-on  to  that  report  and  expands  and  refines  the  design  basis  for  the  Hazardous 
Waste  Management  Project. 


« 


« 
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4.0  WATER  TEST  PROGRAM 


During  the  preliminary  design  phase  of  this  project,  test  data  from  STS-3  and  -5 
were  added  to  the  initial  test  data;  results  from  these  four  launches  and  the 
wastewater  composition  issued  in  the  Project  Book  are  presented  in  Table  4-1. 

Fluor' s  review  of  the  data  from  these  launches  revealed  that  certain  data  were 
missing  which  would  be  required  to  verify  the  design  basis  established  for  Vanden- 
berg.  Specifically,  barium,  calcium,  selenium,  sodium,  borate,  sulfate  and  COD  were 
not  analyzed  in  the  initial  data  and  are  required  for  design.  Second,  it  was 
necessary  to  determine  what  the  water  quantity  and  composition  from  each  source  was 
so  a  better  prediction  could  be  made  of  the  expected  washdown  water  composition  at 
Vandenberg.  Finally,  water  samples  were  required  for  testing  of  the  proposed  treat¬ 
ing  plant  operations.  Water  samples  from  the  first  five  KSC  launches  were  no  longer 
available  for  jar  tests.  Consequently,  Fluor  established  a  supplemental  test  pro¬ 
gram  for  STS-6  and  7. 

4.1  Wastewater  Sampling  at  KSC:  The  objective  of  the  wastewater  sampling  program 
for  STS-6  was  to  obtain  samples  at  specific  locations  on  the  launch  pad  area  suffici¬ 
ent  to  allow  a  composite  wastewater  determination  to  be  made  which  would  be  represen¬ 
tative  of  the  Vandenberg  STS  wastewater.  The  systems  at  KSC  which  can  be  quantified 
and  correlated  to  SLC-6  include  sound  suppression  and  washdown  water. 

To  help  describe  how  the  sampling  program  at  KSC  relates  to  the  conditions  at  Van¬ 
denberg,  we  have  prepared  a  flow  chart  depicting  water  source,  composition  and  quan¬ 
tity  for  KSC  Launch  Pad  39A  and  Vandenberg  SLC-6.  This  is  shown  in  Figure  4-1.  The 
objective  was  to  confirm  Cj.  and  Q^,  the  composition  and  total  quantity  of  wastewater, 
for  the  wastewater  treatment  plant  at  SLC-6  presented  in  the  Project  Book.  The 
approach  was  to  measure  these  corresponding  quantities,  at  KSC  and  ratio  them  to  the 
Vandenberg  design. 

At  KSC  the  following  quantities  could  be  measured: 

C  -  Raw  water  composition 

Q  -  Total  raw  water  make-up 

C^  -  Sound  suppression  water  composition 

-  Quantity  of  sound  suppression  water  recovered  per  launch 
C  -  Washdown  water  composition 

D 

C  -  Composite  composition  of  collected  water 
Q  -  Composite  quantity  of  collected  water 

Having  these  measurements  allowed  the  calculation  of  washdown  quantity,  Qg,  by  the 
following  material  balance  equation: 

%  =  Qt  -  QA 
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TABLE  4-1 


STS-1  THRU  5  WASTEWATER  TEST  DATA 


Parameter 

STS-1 

STS-2 

STS-3 

STS-5 

Vandenberg 
Proiect  Book 

pH 

1.6 

1.7 

1.8 

2.0 

1.8-2. 5 

Aluminum 

26.5 

29 

22 

- 

52 

Barium 

- 

- 

- 

- 

1 

Cadmium 

0.12 

0.10 

1.2 

0.09 

0.2 

Calcium 

- 

- 

- 

- 

400 

Chromium 

0.19 

0.39 

0.5 

0.30 

0.6 

Copper 

0.20 

0.36 

0.09 

0.49 

0.7 

Iron 

25 

29 

12 

23.2 

- 

Lead 

0.95 

1.1 

0.9 

0.79 

1.4 

Magnesium 

- 

50 

37 

37 

37 

Manganese 

- 

0.61 

0.39 

0.49 

0.7 

Nickel 

0.54 

0.92 

0.84 

0.48 

1.3 

Selenium 

- 

- 

- 

- 

4 

Silver 

- 

0.05 

- 

- 

0.2 

Sodium 

- 

- 

- 

- 

200 

Zinc 

183 

219 

107 

122 

270 

Boron 

- 

- 

- 

- 

10 

Chloride 

2.2 

3250 

1769 

1162 

2820 

Nitrate 

- 

- 

1.6 

- 

- 

Phosphate 

- 

- 

2.7 

- 

- 

Silica 

- 

50 

- 

50 

50 

Sulfate 

- 

- 

- 

- 

20 

COD 

- 

- 

- 

- 

20 

TDS 

- 

- 

- 

- 

3849 

Suspended  Solids 

- 

50 

50 

50 

20-320 

Figure  4-1 

Wastewater  Source  Block 
Flow  Diagram 


KSC  LP-39A 


Evaporation 

Losses 


Vandenberg  SLC-6 

Evaporation 

Losses 


NOTE:  Washdown  water  includes  fixed  and  manual  quantities  in  both  cases. 
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Data  from  STS-6  resulted  in  the  following  flow  quantities  obtained  from  the  pond 
measurements . 

Total  Water  Collected  =  Qt  =  469,000  Gallons 

Sound  Suppression  Water  =  =  358,000  Gallons 

Washdown  Water  Collected  =  Q  =  111,000  Gallons 

B 

The  KSC  sound  suppression  system  approximates  the  SLC-6  system  in  terms  of  overall 
function.  The  same  amount  of  SRB  exhaust  will  be  exposed  to  the  sound  suppression 
water,  and  the  quantities  of  water  used  and  recovered  are  estimated  to  be  similar. 
The  sound  suppression  water  is  expected  to  be  the  most  concentrated  of  the 
wastewaters,  due  to  its  intimate  contact  with  the  SRB  exhaust.  Test  data  at  KSC 
supports  this  prediction. 

KSC  has  a  minimal  amount  of  fixed  washdown  which  is  activated  during  launch.  The 
quantity  of  this  water  is  included  in  the  sound  suppression  quantity  in  the  KSC 
tests.  Moreover,  the  composition  of  this  deluge  water  could  be  determined  by 
obtaining  samples  of  the  wastewater  around  the  Launch  Mount  and  Fixed  Service  Tower. 
In  contrast,  the  design  at  SLC-6  will  have  a  significant  quantity  of  fixed  spray 
systems.  Approximately  340,000  gallons  per  launch  will  be  collected  during  the 
initial  launch  and  up  to  450,000  gallons  per  launch  if  the  Phase  II  washdown 
facility  is  installed.  This  wastewater  will  be  the  most  concentrated  washdown 
wastewater  for  facilities  near  the  launch  mount  (near  field) .  Facilities  more 
remote  from  the  launch  point  (far  field)  will  receive  a  lesser  quantity  of 
contaminants.  The  Martin  Marietta  test  stand  was  used  to  gather  samples 
representative  of  the  far  field  water  samples.  Based  upon  these  two  points  and 
noting  ambient  conditions  at  the  time  of  launch  permitted  approximating  a 
concentration  gradient.  The  average  of  these  values  approximate  the  fixed  washdown 
wastewater  concentration  projected  for  SLC-6. 

The  third  contribution  to  the  composite  wastewater  is  the  contribution  of  the  SRB 
fallout  that  deposits  on  structures,  launch  pad,  etc.,  is  washed  manually,  and  is 
subsequently  picked  up  in  the  wastewater  via  the  collection  system.  At  KSC  this 
quantity  was  estimated  by  observing  the  difference  in  pond  levels  before  and  after 
the  washdown  operation  and  determining  the  difference.  At  Vandenberg  this  volume  is 
estimated  to  vary  between  250,000  and  400,000  gallons,  depending  on  the  wind  condi¬ 
tions  during  launch  and  the  effectiveness  of  the  fixed  washdown  system.  Therefore, 
the  total  water  to  be  gathered  at  SLC-6  is  estimated  to  be  approximately  one  million 
gallons  for  the  initial  design  and  1.5  million  gallons  per  launch  if  the  total  design 
is  constructed.  This  includes  rainwater  which  adds  to  the  wastewater  volume  but  is 
partially  offset  by  reducing  the  amount  of  manual  washdown  required.  The  rainwater 
concentration  should  be  more  dilute  than  the  other  wastewaters  collected. 

4.2  STS-6  Wastewater  Composition:  The  procedures  and  mechanics  of  taking  waste- 
water  samples  for  STS-6  are  described  in  the  Appendix,  along  with  the  field  data 
obtained.  Samples  taken  by  the  Air  Force  for  STS-7  follow  the  same  guidelines.  The 
data  book  prepared  for  STS-7  is  also  included  in  the  Appendix. 


Figure  4-2  is  a  schematic  of  KSC  launch  pad  39A.  The  figure  depicts  the  location 
of  the  collection  points  where  the  primary  sampling  was  conducted,  plus  the  location 
of  the  test  stand  erected  by  Martin  Marietta  Corporation,  which  measured  washdown 
effectiveness  for  various  spray  rates. 

Table  4-2  lists  the  wastewater  samples  that  were  collected  at  STS-6.  The  samples 
were  shipped  to  OEHL  at  Brooks  AFB  where  they  were  analyzed.  Table  4-3  lists  the 
corresponding  analyses  of  the  samples  taken. 

To  assess  the  contribution  of  the  contaminants  from  the  potable  water  used  for 
sound  suppression  and  washdown  water,  Fluor  analyzed  the  City  of  Cocoa  potable  water 
and  compared  it  to  the  various  wastewaters  that  were  generated  during  STS-6.  This 
composition  is  also  included  in  Table  4-3.  The  City  of  Cocoa  and  South  Vandenberg 
potable  water  compositions  are  listed  in  the  Appendix. 

In  addition  to  the  samples  indicated,  samples  were  also  obtained  of  residual  water 
and  sludge  in  the  bottoms  of  the  two  ponds.  At  KSC  the  acidic  wastewaters  are  neu¬ 
tralized  with  regenerant  wastes  from  other  Base  operations.  A  resulting  sludge  has 
formed  over  the  period  launch  pad  39A  has  been  operational.  The  reason  for  obtain¬ 
ing  the  samples  was  to  assess  the  influence  the  residue  might  have  on  the  other 
water  samples.  The  sample  results  for  the  residual  water  and  sludge  in  the  ponds 
are  presented  in  Table  4-4. 

Review  of  the  test  data  for  STS-6  results  in  the  following  observations: 

o  The  sound  suppression  water  had  the  lowest  pH  of  all  samples;  however, 

the  deluge  (fixed  washdown)  was  higher  in  aluminum  and  chlorides,  which 
are  the  major  fallout  constituents  from  the  rocket  fuel. 

o  The  deluge  water  showed  higher  concentrations  of  calcium,  iron,  zinc  and 
silica,  as  was  expected.  The  calcium  and  silica  reflect  possible  con¬ 
crete  erosion  or  leaching,  as  well  as  solubilizing  of  residual  sand  from 
sandblasting  operations.  The  iron  is  from  corrosion  of  the  structure, 
and  the  zinc  is  removed  from  the  paint.  The  deluge  water  sample  was 
obtained  from  puddles  around  the  immediate  launch  pad  area  and  repre¬ 
sents  a  worst  condition  for  each  of  these  constituents. 

o  Test  data  from  the  Martin  Marietta  test  stand  indicates  a  high  fall-out 
from  the  acid  cloud.  The  increase  in  trace  minerals  in  the  test  stand 
data  probably  came  from  the  equipment  itself.  No  blank  run  or  flushing 
water  run  through  the  system  was  obtained.  The  increase  in  calcium, 
magnesium  and  silica  is  probably  from  dust  raised  during  launch  which 
gradually  falls  back  to  earth.  This  dust  could  be  a  combination  of 
residual  sandblasting  sand  on  the  launch  support  facilities,  soil  from 
around  the  pad,  and  eroded  material  from  the  pad  itself.  The  average  of 
this  composition  and  that  of  the  deluge  represent  the  approximation  of 
the  average  fixed  washdown  in  the  near  and  far  field. 

o  Composition  of  the  inlet  flume  sample  indicates  that  the  manual  washdown 
rinsed  away  most  of  the  impurities  and  its  composition  was  approaching 
the  City  of  Cocoa  water  analysis.  The  manual  washdown  composition  is  a 
function  of  the  quantity  of  water  used.  The  volume  used  at  KSC  for 
STS-6  was  111,000  gallons,  compared  to  Vandenberg  estimates  of  an 
average  of  310,000  gallons. 
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Table  4-2 


• 

STS-6  WASTEWATER  SAMPLES 

LOG 

SAMPLE 

BOOK 

• 

NUMBER 

DESCRIPTION 

PAGE 

GN  830005 

NE  Pond  (Pond  A)  Launch  Day  (Sound  Suppression  Water) 

21 

GN  830006 

NW  Pond  (Pond  B)  Launch  Day  (Sound  Suppression  Water) 

23 

• 

GN  830007 

Deluge  Water  Launch  Day  (Fixed  Washdown,  Concentrated) 

17 

GN  830011 

Martin  Marietta  Test  Stand  0-10  Min  Launch  Day  (Fixed 
Washdown,  Dilute) 

25 

GN  830010 

NW  Pond  Washdown  Post  Launch  Inlet  Flume  (Manual 

Washdown) 

33 

GN  830008 

NE  Pond  (A)  Post  Launch  Day  (Composite  Sample) 

35 

GN  830009 

NW  Pond  (B)  Post  Launch  Day  (Composite  Sample) 

37 

Q 


* 


% 


% 


« 


4-7 


<0  TJ 

3=  C 

o  O' 

0)  CU  o 


W  C  VC 
WOO 
03  0-  o 


I 


LA 

rH 

rH 

o 

p- 

iA 

o 

•H ♦ 

4 

O' 

O 

lA 

CO 

O 

O 

CM 

lA 

o 

r- 

O' 

r— 

• 

4 

• 

rH 

• 

• 

• 

lA 

O' 

• 

o 

• 

rH 

CA 

t 

H 

© 

o 

rH 

© 

o 

CM 

rH 

CA 

o 

o 

o 

d 

rH 

43 

O 

CM 

O  i 

i  r~ 

CA  1 

• 

% 

43 

rH 

rH 

o 

00 

lA 

4 

o 

43 

lA 

lA 

cA 

iA 

00 

O 

O 

in 

o 

r-> 

• 

vO 

CM 

• 

• 

o 

• 

O 

• 

• 

• 

• 

r* 

CM 

• 

HO 

• 

co 

lA 

CA 

rH 

© 

o 

rH 

o 

rH 

CM 

rH 

CM 

O 

o 

o 

o 

00 

r- 

o 

rH 

O  1 

i  p- 

CM  1 

• 

tA 

rH 

rH 

© 

lA 

% 

« 

LA 

o 

43 

CM 

CM 

00 

43 

CO 

O 

o 

r- 

LA 

o 

r- 

CM 

rH 

f-» 

CM 

rH 

lA 

4 

lA 

O 

CM 

CM 

o 

o 

CM 

O 

O 

CM 

O 

4- 

o 

o 

o 

o 

CM 

sO 

o 

CM 

o  < 

1  43 

4-  1 

T3 

C 

o 

cu 

3 

rH 

4-1 

O 

rH 

rH 

-4 

CM 

CM 

O 

O' 

lA 

O 

lA 

o 

3  g 

o 

00 

O 

lA 

O 

H 

O 

2 

03 

O 

r-» 

o 

O 

o 

CA 

o 

o 

o  d 

rH 

o 

o 

o 

00 

in  oo  in 

•  4 


rH  CM  rH  r-t  O  P- 

CM  OO  rH  sO  43  OrHOO  lA  O  r» 

•  r-"  •  •  r-  •  •  cA  •■4’  •  •  •  •  iA  4  •  vO  • 

CMCMOO00CSOiAs0r-«H4-OOr-vX3O^O 


03 

00 

3 

03 

r** 

sO 

CA 

lA 

so 

CM 

4 

O' 

4 

O' 

rH 

o 

rH 

O 

rH 

4J 

O 

CM 

r* 

CA 

o 

0) 

Q 

3 

o 

CM 

43 

rH 

O 

■4 

o 

o 

r- 

o 

CA 

4* 

rH 

o 

O 

O'  O  cO  O  I  CM 


4> 

lA 

lA 

LA 

O 

43 

o 

4 

o 

O 

CA 

O' 

4> 

O' 

H 

O 

O 

rH 

O 

CM 

4 

o 

LA 

O 

O 

4 

4> 

'A 

00 

,  3, 

rH 

CA 

o 

o 

rH 

o 

rH 

CM 

rH 

CM 

O 

o 

o 

o 

rH 

O 

CM 

o  i 

1  LA  1 

vO  O  rH 

4  O  ©  la  r-  v©  ia  O'  O  O 

0'**r-»»cA*oo»*«« 

40©rH0rHCMrHrH©0©0 


O  rH  ©43 

iA  O'  O  O  iA  O  ^ 

•  •  •  •  P"  rH  •  O  • 

OOOOsOA»OeNO 


3 

o 

rH 

o 

lA 

sO 

vO 

CA 

CA 

CA 

O' 

43 

00 

o 

o 

CO 

lA 

o 

O 

• 

O' 

• 

• 

CA 

■ 

■ 

r*- 

o 

• 

• 

• 

• 

rH 

O' 

• 

00 

O 

rH 

rH 

O 

O 

CM 

O 

O 

CM 

o 

4 

o 

o 

o 

o 

CM 

4> 

o 

CM 

O' 

o 

4> 

4 

43 

4 

rH 

lA 

r» 

O' 

1 

1 

1 

i 

CM 

l 

i 

43 

i 

00 

1 

1 

1 

1 

P» 

1 

o 

OO 

O' 

.  43 

1  (A  O' 


6  E  o 

3  *-  "O  »-* 

X  —•  03  «j 

a.  <  co  o  o 


o  <tj  a)  c  a> 


00  4»  > 


ai  a  u  to 


Otcgm^-i  03  *H  O  -w  0  X 
►JZSZCA-OCACslaQU 


C/3  C/3  O 


NOTE:  All  concentrations  are  In  mg/l 


o  The  composite  analysis  shovs  a  decrease  in  concentration  based  on  the 
dilution  which  occurs  during  the  manual  washdown.  The  average  treatment 
plant  feed  composition  should  approach  this  composition  if  a  plant  were 
installed  at  KSC. 

o  The  effect  the  residual  water  and  sludge  have  on  the  pond  samples  can  be 
estimated  by  comparing  the  deluge  and  test  stand  samples  to  the  sound 
suppression  samples.  Most  evident  is  the  increase  in  magnesium  and 
sodium  from  the  residual  water.  The  sludge  composition  is  in  agreement 
directionally  with  the  sound  suppression  water  samples,  but  its  impact 
on  the  composition  can  not  be  quantified. 

Comparison  of  the  STS  composite  composition  with  the  Project  Book  is  tabulated  in 
Table  4-5.  Silica  and  iron  are  the  only  major  constituents  in  the  STS-6  analysis 
that  exceed  the  Project  Book  values.  In  the  Project  Book  analysis,  iron  was  not 
listed,  whereas  STS-6  has  approximately  30  mg/1  of  iron.  This  presents  no  problem 
to  the  process  chemistry  but  does  add  to  the  amount  of  sludge  produced. 

The  zinc  concentration  is  200  mg/1  higher  in  the  Project  Book  analysis  and  may 
have  resulted  from  the  early  STS-1  and  2  launches  removing  large  quantities  of  paint 
from  the  launch  pad  structures.  Inorganic  zinc  primer  was  used  extensively  on  the 
structure.  STS-6  had  the  advantage  of  acid-resistant  coatings  having  been  applied 
to  large  areas  of  the  Fixed  Service  Tower.  This  may  have  helped  reduce  the  zinc 
contamination. 

The  Project  Book  specified  320  mg/1  of  suspended  solids  in  the  wastewater.  The 
STS-6  composite  had  essentially  no  suspended  solids  in  it  by  visual  observation. 

4.3  STS-7  Wastewater  Composition;  Wastewater  samples  were  taken  for  STS-7  by 
NASA  and  the  Air  Force  and  shipped  to  Fluor  Corporation  for  analysis  and  jar  test¬ 
ing.  Fluor  contracted  the  analytical  services  of  Chemical  Research  Laboratories  to 
perform  the  analysis  and  testing  of  the  wastewater  samples.  The  report  of  the 
results  of  their  investigation  is  included  in  the  Appendix. 

The  STS-7  samples  were  initially  screened  for  pH,  turbidity,  and  silica  content. 
The  samples  showed  comparable  characteristics,  as  indicated  in  Table  4-6.  Con¬ 
sequently,  the  samples  were  proportionately  combined  into  a  single  composite  for 
analysis  and  testing  purposes.  Table  4-7  shows  the  analysis  of  the  STS-7  wastewater 
composite  presented  along  with  STS-6  data  and  the  SLC-6  Project  Book  composition. 
The  values  are  slightly  higher  than  the  STS-6  data  because  the  samples  are  a  com¬ 
bination  of  all  samples  gathered  from  the  launch,  and  not  necessarily  in  the  ratios 
representative  of  the  collected  composite,  as  in  STS-6.  The  most  significant  differ 
ence  is  the  increase  in  zinc  concentration  of  the  STS-7  composite  over  that  of  STS-6 
The  Mobile  Launch  Pad  was  repainted  prior  to  STS-7,  which  probably  caused  the  zinc 
level  to  increase.  The  STS-7  value  more  closely  approximates  the  SLC-6  Project 
Book. 

4.4  Wastewater  Comparison,  STS-1  through  7:  Table  4-8  presents  a  summary  of  all 
composite  wastewater  sample  test  results  for  STS-1  through  7  (exclusive  of  STS-4, 
for  which  Fluor  did  not  receive  data)  and  the  Vandenberg  SLC-6  Project  Book  waste- 
water  composition.  The  data  is  relatively  consistent  for  all  launches  for  the  con¬ 
stituents  impacting  the  plant  design.  These  principal  constituents  are  aluminum, 


TABLE  4-5 


STS-6  COMPOSITE  COMPOSITION 
COMPARED  TO  SLC-6  PROJECT  BOOK 


STS-6  Composite 
Composition,  Ct 

Vandenberg 
Prolect  Book 

SAMPLE  NO. 

Parameter 

AVE. 

AVE. 

pH 

— 

1.8-2. 5 

Aluminum 

19 

52 

Barium 

0.5 

.1 

Cadmium 

0.5 

0.2 

Calcium 

171 

400 

Chromium 

0.4 

0.6 

Copper 

0.9 

0.7 

Iron 

24 

- 

Lead 

1.0 

1.4 

Magnesium 

31 

37 

Manganese 

0.5 

0.7 

Nickel 

0.8 

1.3 

Selenium 

0.01 

4. 

Silver 

0.01 

0.2 

Sodium 

152 

200 

Zinc 

• 

69 

270 

Boron 

0.5 

10 

Chloride 

2000 

2820 

Nitrate 

0.77 

- 

Phosphate 

- 

- 

Silica 

71 

50 

Sulfate 

- 

20 

COD 

33 

Nil 

TDS 

- 

3849 

Suspended  Solids 

- 

20-320 

NOTE:  All  concentrations  are  in  mg/1 


TABLE  4-6 


SAMPLE 

STS-7  WASTEWATER 

SAMPLES  SCREENING 

RESULTS 

pH 

TURBIDITY 

(NTU) 

Si(SiO; 

EPLA  //la 

1.8 

34. 

79 

EPLA  // lb 

1.9 

27. 

77 

EPLA  #2a 

1.7 

28. 

81 

EPLA  //2b 

1.8 

33. 

79 

EPLA  //3a 

1.8 

46. 

81 

EPLA  #3b 

1.8 

38. 

81 

EPLA  //4  a 

1.7 

12. 

81 

EPLA  //4b 

1.8 

15. 

79 

EPLB  //la 

1.9 

4.2 

88 

EPLB  //lb 

.1.9 

9.0 

88 

EPLB  //2a 

1.9 

4.2 

83 

EPLB  //2b 

1.9 

4.2 

88 

EPLB  //3a 

2.0 

4.4 

88 

EPLB  //3b 

2.0 

6.0 

88 

EPLB  //4a 

2.0 

6.4 

88 

EPLB  //4b 

2.0 

10.0 

86 

LPLA  //la 

2.1 

2.4 

88 

LPLA  //lb 

2.1 

3.0 

81 

LPLA  //2a 

2.1 

3.0 

81 

LPLA  //3a 

2.0 

6.0 

81 

LPLA  //3b 

2.0 

4.1 

83 

LPLA  //4a 

2.0 

5.6 

81 

LPLA  //4b 

2.1 

3.0 

83 

LPLB  //la 

1.9 

10.2 

83 

LPLB  //lb 

1.9 

5.6 

83 

LPLB  //2a 

1.9 

13.0 

86 

LPLB  //3a 

1.8 

6.4 

86 

LPLB  //3b 

1.8 

5.6 

86 

LPLB  //4a 

1.8 

— 

83 

LPLB  //4b 

1.8 

— 

83 

COMPOSITE 

2.0 

— 

88 

TABLE  4-7 


STS-6  AND  7  COMPOSITE  COMPOSITION 
COMPARED  TO  SLC-6  PROJECT  BOOK 


STS-6  Composite 
Composition,  Ct 


STS-7  Composite 
Composition,  Ct 


Vandenberg 
Project  Book 


SAMPLE  NO. 

Parameter 

AVE. 

AVE. 

AVE. 

pH 

2-3.5 

2.0 

1.8-2. 5 

Aluminum 

19 

26 

52 

Barium 

0.5 

0.6 

1 

Cadmium 

0.5 

0.2 

0.2 

Calcium 

171 

173 

400 

Chromium 

0.4 

0.3 

0.6 

Copper 

0.9 

1.2 

0.7 

Iron 

24 

30 

- 

Lead 

1.0 

1.4 

1.4 

Magnesium 

31 

34 

37 

Manganese 

0.5 

0.5 

0.7 

Nickel 

0.8 

0.9 

1.3 

Selenium 

0.01 

0.2 

4. 

Silver 

0.01 

0.01 

0.2 

Sodium 

152 

193 

200 

Zinc 

69 

206 

270 

Boron 

0.5 

- 

10 

Chloride 

2000 

1960 

2820 

Nitrate 

0.77 

0.6 

- 

Silica 

71 

88 

50 

Sulfate 

- 

203 

20 

COD 

33 

104 

Nil 

TDS 

2540 

2360 

3849 

Suspended  Solids 

- 

57 

20-320 

NOTES:  All  concentrations  are  in  mg/1 
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TABLE  4-8 


COMTGSITE  WATER  COMPOSITIONS 
FOR  STS  LAUNCHES 


Vandenberg 


Parameter 

STS-1 

STS-2 

STS-3 

STS-5 

STS-6 

STS-7 

Project  Book 

PH 

1.6 

1.7 

1.8 

2.0 

2-3.5 

2.0 

1.8-2. 5 

Aluminum 

26.5 

29 

22 

- 

19 

26 

52 

Barium 

- 

- 

- 

- 

0.5 

0.6 

1 

Cadmium 

0.12 

0.10 

1.2 

0.09 

0.5 

0.2 

0.2 

Calcium 

- 

- 

- 

- 

171 

173 

400 

Chromium 

0.19 

0.39 

0.5 

0.30 

0.4 

0.3 

0.6 

Copper 

0.20 

0.36 

0.09 

0.49 

0.9 

1.2 

0.7 

Iron 

25 

29 

12 

23.2 

24 

30 

- 

Lead 

0.95 

1.1 

0.9 

0.79 

1.0 

1.4 

1.4 

Magnesium 

- 

50 

37 

37 

31 

34 

37 

Manganese 

- 

0.61 

0.39 

0.49 

0.5 

0.5 

0.7 

Nickel 

0.54 

0.92 

0.84 

0.48 

0.8 

0.9 

1.3 

Selenium 

- 

- 

- 

- 

0.01 

0.2 

4. 

Silver 

- 

0.05 

- 

- 

0.01 

0.01 

0.2 

Sodium 

- 

- 

- 

- 

152 

193 

200 

Zinc 

183 

219 

107 

122 

69 

206 

270 

Boron 

- 

- 

- 

- 

0.5 

- 

10 

Chloride 

2.2 

3250 

1769 

1162 

2000 

1960 

2820 

Nitrate 

- 

- 

1.6 

- 

0.77 

0.6 

- 

Phosphate 

- 

- 

2.7 

- 

- 

- 

- 

Silica 

- 

50 

- 

50 

71 

88 

50 

Sulfate 

- 

- 

- 

- 

- 

203 

20 

COD 

- 

- 

- 

- 

33 

104 

Nil 

TDS 

- 

- 

- 

- 

2540 

2360 

3849 

Suspended  Solids 

- 

50 

50 

50 

- 

57 

20-320 

NOTE:  All  concentrations  are  in  mg/1 


calcium,  iron,  magnesium,  sodium,  zinc,  and  chloride.  The  maximum  variation  that 
has  been  reported  from  all  launches  for  all  species  is  presented  in  Table  4-9  along 
with  the  Project  Book  composition  for  SLC-6. 


The  comparison  indicates  that  the  Vandenberg  wastewater  composition  is  generally 
representative  of  the  maximum  contaminant  concentration  that  has  been  experienced  to 
date  at  KSC.  Ionic  balances  of  the  Project  Book,  STS-6  and  7  wastewater  composi¬ 
tions  have  been  included  in  Table  4-10  for  comparison  purposes.  The  deficiency  in 
the  cation  equivalent  is  thought  to  be  due  to  the  hydrogen  ion  concentration,  or  to 
organic  and  inorganic  cations  not  included  in  the  analyses. 

The  Vandenberg  Project  Book  wastewater  composition  had  been  based  on  KSC  launch 
data  from  STS-1  and  2.  It  had  not  been  adjusted  for  the  difference  in  raw  water 
concentration.  Table  4-11  shows  the  adjusted  wastewater  composition  calculated  by 
taking  the  difference  between  the  two  raw  waters  and  adding  it  to  the  wastewater 
composition  in  the  Project  Book.  It  has  been  adjusted  for  calcium,  magnesium, 
chlorides,  potassium,  silica,  sodium,  and  sulfate. 

Figure  4-3  depicts  the  variation  in  chemical  constituents  measured  during  the 
first  seven  launches  at  KSC  previously  presented  in  tabular  form  in  Table  4-9.  The 
adjusted  Vandenberg  Project  Book  wastewater  composition  which  is  the  design  point 
for  the  wastewater  treatment  plant  is  indicated  for  each  constituent. 

In  determining  the  design  composition  for  the  Vandenberg  wastewater  from  KSC  test 
data,  one  must  finally  look  at  the  effect  on  the  composite  wastewater  composition  as 
a  function  of  the  quantity  of  water  used.  If  the  data  from  STS-6  are  used  for  com¬ 
parison  to  the  projected  Vandenberg  conditions,  the  following  sources  and  corre¬ 
sponding  volumes  in  gallons  per  launch  are  obtained: 


Water  Source 


KSC  STS-6 
Water,  Gals. 


Vandenberg  Water,  Gals 
Package  1  Package  4 


Sound  Suppression 
Fixed  Washdown 
Manual  Washdown 
Rainwater 

Expected  (W/0  Rain) 


360,000 

111,000 


471,000 


350,000 
340,000 
150-250,000  * 
195,000 

940,000 


350,000 
451,000 
150-400,000  * 
425,000 

1,201,000 


Maximum  Expected 


1,035,000 


1,376,000 


*  Assumes  150,000  gallons  used  in  conjunction  with  rainfall  and  250,000  or  400,  000 
gallons  used  without  rainfall. 
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TABLE  4-9 


VARIATION  OF  IONIC  SPECIES  FOR  STS-1  THROUGH  7 


pH 

Minimum 

3.5 

Maximum 

1.6 

Vandenberg 
Project  Book 
1.8  -  2.5 

Aluminum 

19 

29 

52 

Barium 

0.5 

0.6 

1 

Cadmium 

0.09 

1.2 

0.2 

Calcium 

171 

173 

400 

Chromium 

0.19 

0.5 

0.6 

Copper 

0.09 

1.2 

0.7 

Iron 

12 

30 

— 

Lead 

0.79 

1.4 

1.4 

Magnesium 

31 

50 

37 

Manganese 

0.39 

0.61 

0.7 

Nickel 

0.48 

0.92 

1.3 

Selenium 

0.01 

0.2 

4 

Silver 

0.01 

0.05 

0.2 

Sodium 

152 

193 

200 

Zinc 

69 

219 

270 

Boron 

0.5 

0.5 

10 

Chloride 

1162 

3250 

2820 

Nitrate 

0.6 

1.6 

— 

Phosphate 

2.7 

2.7 

— 

Silica 

50 

88 

50 

Sulfate 

20 

203 

20 

COD 

33 

104 

Nil 

TDS 

3849 

Suspended  Solids 

50 

57 

20-320 

NOTE:  All  concentrations  are  in  mg/1 


STS-6  STS -7  IONIC  BALANCE  COMPARISON 
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Table  4-11 


ADJUSTED  PROJECT  BOOK 
WASTEWATER  COMPOSITION ( 1 ) 


m 


i* 


Vandenberg 


Parameter 

Project  Book 

pH 

2-3.3 

Aluminum 

52 

Barium 

less  than  1.2 

Cadmium 

CM 

O 

Calcium 

465 

Chromium 

0.6 

Copper 

0.7 

Iron 

30 

Lead 

1.4 

Magnesium 

57 

Manganese 

0.7 

Nickel 

1.3 

Potassium 

9 

Selenium 

less  than  4 

Silver 

0.2 

Sodium 

181 

Zinc 

270 

Boron 

10 

Chloride 

2881 

Silica 

70 

Sulfate 

79 

COD 

Nil 

Suspended  Solids 

20-320 

NOTE:  All  concentrations  are  in  mg/1 

C1)  Extracted  from  STS  Project  Book  and  modified  to  account  for  the  difference  in 
constituents  between  KSC  potable  water  and  Vandenberg  potable  water. 


RANGE  OF  CONCENTRATIONS,  mg/I 


FIGURE  4-3 
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From  the  test  data,  it  is  evident  that  the  sound  suppression  and  fixed  washdown 
waters  are  the  most  concentrated,  the  manual  washdown  more  dilute,  and  the  rainwater 
(by  definition)  with  minimal  contamination.  From  the  material  balance  equations 
previously  developed,  the  following  relationships  exist  for  each  of  the  three  cases: 

471,000  C  =  360,000  C  +  111,000  C 

k  A.  u 

1,000,000  C'  =  690,000  C'  +  250,000  C'  (Excludes  Rainwater) 
t  A  a 

1,500,000  C'  =  801,000  C'  +  400,000  C'  (Excludes  Rainwater) 
t  A  o 

1,000,000  C'  =  690,000  C'  +  150,000  Cl  +  195,000  C'  (Including  Rainwater) 

t  A  u  K 

1,500,000  C’  =  801,000  C’  +  150,000  Cl  +  526,000  Cl  (Including  Rainwater) 

t  A  d  R 

The  equations  indicate  that  for  Package  1  approximately  twice  as  much  water  will  be 
collected  at  SLC-6  as  at  KSC,  and  that  each  of  the  contributors  (sound  suppression, 
fixed  washdown,  and  manual  washdown)  will  be  in  the  same  ratio.  Therefore  the 
resulting  composite  concentration  will  be  similar  to  KSC.  For  Package  4,  the 
quantity  ratio  is  approximately  three  to  one  if  the  rainwater  is  excluded.  However, 
if  the  rainwater  is  included,  a  significant  dilution  effect  results  and  the 
wastewater  composition  is  overstated  in  the  Project  Book.  Based  on  these  data,  we 
determined  that  the  treatment  plant  should  be  designed  for  the  worst  condition 
recorded  at  KSC,  with  an  appropriate  safety  factor.  The  original  Project  Book 
wastewater  composition  adjusted  for  the  Vandenberg  raw  water  reflects  that  resulting 
wastewater  composition. 

A  separate  study  performed  by  Fluor  indicates  that  the  capital  costs  are  rela¬ 
tively  insensitive  to  small  reductions  in  contaminant  concentration,  but  that 
operating  costs  will  be  reduced.  Chemical  costs  are  directly  related  to  contaminant 
concentrations.  RO  membrane  costs  will  depend  on  how  completely  the  metal 
hydroxides  and  sulfides  are  precipitated  and  removed  in  the  pretreatment  process. 


5.0  PROCESS  ANALYTICAL  EVALUATION 


To  assess  the  process  design  described  in  the  process  evaluation  report  and  to 
prove  out  the  chemical  reactions,  Fluor  implemented  a  jar  test  program  to  obtain  the 
following  data: 

o  Chemical  consumption  requirements  to  neutralize  and  precipitate  heavy  metals 
and  silica. 

o  Optimization  of  reaction  time,  pH,  sulfide  residual,  and  slurry  recirculation 
for  removal  of  heavy  metals  and  silica. 

o  Settling  and  thickening  characteristics  of  the  precipitated  solids. 

o  Sludge  dewatering. 

o  Sludge  leachate  testing  for  hazardous  metals. 

5.1  STS-6  Jar  Test  Program:  The  jar  tests  for  STS-6  wastewater  were  conducted  at 
OEHL  Brooks  AFB,  Texas  under  the  direction  of  OEHL  and  Fluor.  Tests  were  based  on 
the  composite  samples  listed  in  Tables  5-1  and  5-2.  The  composite  sample  indicated 
in  Table  5-1  was  used  for  the  initial  screening  tests  to  determine  how  the  process 
reacted.  This  was  necessary  to  conserve  sample  quantities  for  the  more  extensive 
tests  using  the  Table  5-2  composite  sample. 

The  metal  precipitation  test  optimized  the  precipitation  of  aluminum,  zinc,  and 
other  heavy  metals  with  sodium  hydroxide  and  sodium  sulfide.  The  heavy  metals  in 
the  washdown  water  were  precipitated  as  hydroxides,  and  further  reduced  in  solubil¬ 
ity  as  sulfides.  The  pH  was  controlled  to  avoid  formation  of  aluminates,  zincates, 
and  other  amphoteric  metal  complexes.  The  optimum  dosages  of  sodium  hydroxide  and 
sodium  sulfide  were  based  on  the  wastewater  composition.  The  procedures  followed 
are  presented  in  detail  in  the  Appendix. 

5.2  STS-6  Jar  Test  Results:  Sodium  hydroxide  was  used  to  neutralize  the  hydro¬ 
chloric  acid  and  to  precipitate  metallic  hydroxides.  This  was  supplemented  with 
sodium  sulfide  to  maximize  the  precipitation  of  the  heavy  metals  at  a  pH  which  would 
not  cause  significant  formation  of  soluble  aluminate  and  zincate  ions. 

When  a  soluble  sulfide  is  added  to  a  solution  containing  heavy  metals,  the  mixture 
does  not  indicate  any  sulfide  ion  in  solution  until  the  metallic  sulfides  have  been 
precipitated.  The  presence  of  sulfide  ion  can  be  indicated  colorimetrically  or  with 
an  oxidation-reduction  probe  (ORP) .  The  laboratory  tests  used  a  colorimetric  indi¬ 
cator  N .N.-Dimethyl-P-Phenylene  Diamine  Sulfate/Sulfuric  acid  solution  prepared 
according  to  the  APHA  "Standard  Methods  of  Analysis"  1960  issue.  The  mixture  was 
dark  brown,  indicating  a  contaminated  reagent,  according  to  the  APHA  standards. 
Experimentation  with  the  solution  showed  that  its  addition  to  a  sulfide-free  water 
produced  a  violet  color.  When  sulfide  was  added,  the  solution  turned  yellow. 
Colorimetric  spot  tests  were  used  to  determine  the  presence  of  excess  sulfide  in  the 
one-liter  jar  tests.  In  the  300-ML  jar  tests,  sulfide  odor  was  used  as  an  excess 
sulfide  indicator;  however,  this  was  inaccurate,  as  indicated  by  the  respective  sul¬ 
fide  dosages.  A  cationic  polymer  was  added  to  enhance  floe  formation  to  improve 
settling  and  the  clarity  of  the  supernatant  water. 
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TABLE  5-1 


Mi 


STS' 

-6  WASTEWATER  COMPOSITE 

300  ML  JAR  TESTS 

Post  Launch 

Deluge 

Post  Launch 

300  ML 

SS  Water 

Washdown 

Composite 

Composi 

SAMPLE  NO. 

830005 

830007 

830008 

pH 

1.6 

2.6 

2.0 

2.2 

Aluminum 

49 

62 

22 

45 

Barium 

0.4 

1.3 

0.5 

0.8 

Cadmium 

0.06 

0.05 

0.05 

0.05 

Calcium 

106 

476 

216 

266 

Chromium 

0.5 

0.2 

0.2 

0.3 

Copper 

1.7 

0.4 

0.2 

0.8 

Iron 

20 

73 

27 

40 

Lead 

1.6 

0.9 

0.8 

1.1 

Magnesium 

17 

30 

42 

30 

Manganese 

0.5 

4.4 

0 . 6 

1 . 9 

Nickel 

0.9 

1.9 

0.8 

1 . 2 

Selenium 

<0.01 

<0.01 

<0.01 

<0.01 

Silver 

0.01 

0.01 

0.01 

0.01 

Sodium 

67 

101 

217 

128 

Zinc 

71 

98 

65 

78 

Boron 

<0.5 

<0.5 

<0.5 

<0.5 

Chloride 

2000 

3600 

2400 

2667 

Nitrate 

0.7 

1.0 

0.8 

0.8 

Silica 

50 

202 

65 

106 

Sulfate 

18 

40 

40 

32.7 

NOTE:  All  concentrations  are  in  mg/1 
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TABLE  5-2 

STS-6  WASTEWATER  COMPOSITE 
1  LITER  JAR  TESTS 


SAMPLE  NO. 

0005 

0006 

0007 

0008 

0009 

0011 

Composite 

Parameter 

(1.75L) 

(1.28L) 

(0.54L) 

(1.36L) 

(1.93L) 

(0.88L) 

(7.74L) 

pH 

1.6 

1.6 

2.6 

2.0 

3.5 

2.2 

1.6 

Aluminum 

19 

49 

62 

22 

16 

27 

28 

Barium 

0.6 

0.4 

1.3 

0.5 

0.4 

0.9 

0.6 

Cadmium 

0.04 

0.06 

0.05 

0.05 

0.06 

0.02 

0.05 

Calcium 

233 

106 

496 

216 

124 

87 

184 

Chromium 

0.3 

0.5 

0.2 

0.2 

0.5 

2.1 

0.6 

Copper 

6.3 

1.7 

0.4 

0.2 

1.5 

0.6 

0.9 

Iron 

27 

20 

73 

27 

20 

53 

30 

Lead 

0.9 

1.6 

0.9 

0.8 

1.3 

6.6 

1.8 

Magnesium 

40 

17 

30 

42 

20 

14 

28 

Manganese 

0.6 

0.5 

4.4 

0.6 

0.5 

1.0 

0.9 

Nickel 

0.8 

0.9 

1.9 

0.8 

0.8 

4.1 

1.3 

Selenium 

<0.02 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

Silver 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

Sodium 

218 

67 

101 

217 

87 

75 

136 

Zinc 

69 

71 

98 

65 

72 

65 

71 

Boron 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

<0.47 

Chloride 

2800 

2000 

3600 

2400 

1600 

3600 

2445 

Nitrate 

0.7 

0.7 

1.0 

0.8 

0.8 

0.8 

0.7 

Silica 

65 

50 

202 

65 

78 

53 

74 

COD 

50 

18 

40 

40 

25 

85 

40 

NOTE:  All  concentrations  are  in  mg/1. 


5-3 


» 


Six  successive  jar  tests  were  made  with  300-ML  samples  of  the  composite  shown  in 
Table  5-1.  The  settled  sludge  was  returned  to  the  subsequent  test,  as  described  in 
the  jar  test  procedure.  The  test  data  and  the  sludge  settling  curves  are  shown  on 
Figures  5-1  through  5-6. 

Four  successive  one-liter  jar  tests  followed  by  two  500-ml  tests  were  made  with 
the  composite  shown  in  Table  5-2.  The  settled  sludge  was  returned  to  the  subsequent 
test,  as  previously  described.  The  test  data  and  the  settling  curves  are  shown  on 
Figures  5-7  through  5-13. 

The  settled  sludge  from  the  first  test  of  each  series  of  tests  using  the  Table  5-1 
and  5-2  samples  was  returned  to  the  second  test,  and  from  each  sequential  test  to 
the  following  test.  Magnesium  chloride  was  added  to  determine  the  optimum  magnesium 
dosage  to  reduce  the  silica  concentration  to  less  than  15  mg/1,  which  is  the  maximum 
concentration  limit  to  be  fed  to  the  reverse  osmosis  unit.  However  an  analysis  of 
the  composite  wastewater  "made  on  May  16  showed  only  5  mg/1  of  silica,  compared  to  60 
mg/1  when  Si02  was  analyzed  on  April  5.  It  appeared  that  the  pH  of  about  1.6  caused 
the  formation  of  silicic  acid  which  polymerized  and  caused  precipitation  of  the 
silica.  (Ref:  "Activated  Silica  in  Wastewater  Coagulation"  W.  J.  Weber  et  al., 
prepared  for  EPA  PB  232454  June  1974.)  The  rate  of  silica  reduction  in  the  low-pH 
washdown  water  was  tabled  and  studied  with  samples  obtained  from  the  STS-7  launch. 

Overall,  the  tests  confirmed  our  ability  to  precipitate  metals  from  a  cold 
solution  by  using  sulfides  and  hydroxide  as  reaction  agents.  They  also  proved  to  a 
limited  extent  the  ability  to  reduce  dissolved  silica.  The  results  indicated  that, 
without  sludge  recycle,  the  lamella-type  clarifier  design  proposed  for  the  treatment 
process  is  conservative  with  a  0.15  gpm/ft2  design  rate.  Table  5-3  summarizes  the 
effect  of  sludge  return  on  the  sludge  settling  rate. 

5.3  STS-7  Jar  Test  Program:  Jar  tests  of  wastewater  samples  from  STS-7  were  per¬ 
formed  by  Chemical  Research  Laboratories  under  subcontract  to  Fluor  Corporation. 
The  STS-7  test  program  was  a  continuation  of  the  tests  run  for  STS-6  wastewater  sam¬ 
ples.  Tests  were  conducted  to  determine  process  considerations,  which  were 
identified  as  follows  on  items  from  the  STS-6  jar  test  evaluations: 

o  The  Effect  of  Temperature  on  Silica  Precipitation  -  Silica  precipitation  was 
monitored  by  determining  silica  levels  at  various  time  intervals  and  tempera¬ 
tures  . 

o  The  Effect  of  Sodium  Sulfide  on  Metal  Concentration  -  The  effect  of  sodium 
sulfide  on  the  metal  concentration  of  the  wastewater  composite  was  determined 
for  various  pH  levels  by  atomic  absorption  spectrophotometry.  The  super¬ 
natant  from  the  jar  tests  was  used  to  determine  the  unprecipitated  metals. 
The  test  also  generated  settling  curve  data. 

o  Variations  of  Treatment  -  Calcium  carbonate  was  introduced  to  determine  the 
effect  of  CaC03  as  a  sludge  compaction  additive.  Sodium  hydroxide  was  added 
to  determine  if  the  sulfide  additive  was  necessary. 

o  Sequestering  of  Barium  -  Barium  present  in  the  raw  water  at  Vandenberg  could 
present  a  precipitation  problem  in  the  final  stage  of  the  RO  membrane.  It 


Figure  5-2 
STS-6  Test  #2 
300  ML  Composites 


Minutes 


Seetling  GPM 

Time 


Figure  5-3 
STS-6  Test  #3 
300  ML  Composites 
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Figure  5-4 
STS-6  Test  #4 
300  ML  Composites 
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Figure  5-5 
STS-6  Test  #5 
300  ML  Composites 
in  2  Liter  Beaker 
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Figure  5-7 
STS-6  Test  #1 
1  Liter  Composites 
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Figure  5-8 
STS-6  Test  #2 
1  Liter  ML  Composite 
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Figure  5-10 
STS-6  Test  #4 
1  Liter  Composites 
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Figure  5-11 
STS-6  Test  #5 
1  Liter  Composites 
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Figure  5-12 
STS-6  Test  #6 
500  ML  Composites 
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Minutes 


Figure  5-13 
STS-6 

Test  run  by  LT  Dave  Gibson  -  OEHL  Lab 
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TABLE  5-3 

STS-6  SUMMARY  OF  MAXIMUM  SETTLING 
RATES  AND  THE  EFFECT  OF  SLUDGE  RECYCLE 


1  LITER  COMPOSITE  SAMPLES 


K 

TEST 

MINUTES 

VOLUME 

OF  SLUDGE 
RECYCLED 

TO  BREAK 

IN  SETTLING 
RATE 

INCHES 

SETTLED 

GPM/FT2 

1 

OX 

3.5 

2.38 

0.42 

2 

IX 

3 

2.5 

0.52 

3 

2X 

5 

2.09 

0.26 

i 

4 

3X 

15 

2.25 

0.09 

5 

6X 

10 

0.55 

0.03 

6 

12X 

10 

0.75 

0.05 

M 

300 

MILLILITER  COMPOSITE 

SAMPLES 

1 

OX 

2 

1.69 

0.53 

Mfl 

2 

IX 

8 

1 

0.08 

3 

2X 

10 

1.31 

0.11 

4 

3X 

15 

1.06 

0.04 

9 


ft 


k 


was  proposed  to  control  this  potential  problem  by  sequestering  the  barium  to 

keep  it  in  solution.  Tests  performed  on  the  Vandenberg  raw  water  indicate 

this  to  be  effective.  Test  results  are  presented  in  the  Appendix.  • 

o  Sludge  Production  and  Dewatering  -  Sludge  produced  from  each  of  the  treatment 
studies  was  combined  and  allowed  to  settle  for  an  additional  24  hours.  The 
supernatant  was  then  decanted  and  the  remaining  sludge  evaluated  for  dewater¬ 
ing  by  centrifugation. 

• 

o  Moisture  Determination  -  The  sludge  produced  from  the  treatment  studies  was 
filtered  through  a  nominal  0.45-micron  glass  fiber  filter  and  the  sludge  cake 
volume  determined.  A  portion  of  the  sludge  was  used  for  moisture  determina¬ 
tion  and  two  other  portions  were  used  for  Resources  Conservation  and 
Recovery  Act  (RCRA)  and  California  Assessment  Manual  for  hazardous  wastes 
(CAM)  evaluation.  • 

o  Relative  Corrosion  of  Wastewater  on  Concrete  -  Concrete  specimens  (Type  II 
Portland  cement)  were  immersed  in  the  composite  wastewater  sample  under  both 
quiescent  and  dynamic  conditions  to  determine  the  corrosivity  of  the  fluid. 

The  procedures  followed  and  the  results  obtained  by  the  Jar  test  simulations  are  • 

presented  in  the  Technical  Report  by  Chemical  Research  Laboratories  in  the  Appendix. 

5.4  STS-7  Jar  Test  Results:  The  STS-7  jar  tests  confirmed  the  viability  of  heavy 
metal  removal,  via  sodium  sulfide  precipitation,  to  levels  that  meet  drinking  water 
standards.  The  significant  test  results  included  the  following: 

» 

o  Precipitation  and  separation  of  the  heavy  metals  was  not  affected  by  the  high 
COD  of  the  wastewater. 

o  A  test  made  using  sodium  hydroxide  without  sodium  sulfide  for  precipitation 
showed  no  significant  change  in  heavy  metal  removal. 

• 

o  The  silica  content  of  the  wastewater  did  not  change  within  the  time  frame  of 
the  test  program. 

o  Silica  was  reduced  from  88  mg/1  to  the  range  3.6  to  9.6  mg/1  by  co-precipita¬ 
tion  with  the  heavy  metals  present  in  the  raw  waste,  and  without  slurry 
recirculation.  The  addition  of  calcium  carbonate  did  not  increase  the  sludge  • 
settling  or  compaction  rates. 

o  The  precipitated  solids  settled  rapidly  in  30  minutes,  and  concentrated  from 
2100  ml  to  270  ml  volume  in  one  hour  and  from  0.663  gm/1  to  4.96  gm/1 
density,  as  shown  on  Figure  5-14.  The  concentration  increased  to  6.96  gm/1 
in  24  hours.  After  100  hours  settling  the  concentration  had  increased  only  _• 

to  7.72  gm/1. 


i 
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STS-7  Settling  Rate  of  Precipitated 
Solids 

Time  Sludge 


Figure  5-14 
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5.5  Sludge  Evaluation: 


Sludge  Dewatering:  Sludge  dewatering  tests  were  made  with  the  jar  test  sludges 
from  STS-6  and  STS-7.  Methods  employed  consisted  of  vacuum  filtration  and 
centrifugation. 

Vacuum  filtration  was  carried  out  with  a  filter  flask,  Buechner  Funnel,  and  filter 
paper.  Filtration  was  rapid.  Even  without  filter  aid  a  dry  filter  cake  was  formed 
in  both  of  the  tests.  These  tests  indicate  that  the  filter  cake  produced  in  a 
filter  press,  operating  with  a  pressure  differential  of  225  PSI,  should  comply  with 
the  EPA  Test  for  Standing  Water. 

The  centrifugation  test  for  sludge  dewatering  indicated  that  at  compaction  levels 
of  2624  g  and  4101  g,  both  were  inefficient  and  inadequate.  A  conventional  lab 
centrifuge  was  used  for  the  test,  and  sludge  compaction  was  measured  at  increasing 
time  intervals. 

Hazardous  Classification;  Sludge  samples  from  STS-7  were  subjected  to  numerous 
analyses  as  required  by  RCRA  and  proposed  regulations  of  CAM.  The  sludge  passed  all 
leachate  tests  under  the  CAM  and  RCRA  procedures  with  the  exception  of  the  test  for 
zinc  under  the  CAM  Procedure. 


6.0  PROCESS  DESIGN 


* 


9 
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Based  on  the  results  of  the  test  data,  Fluor  developed  the  following  process 
design  for  the  wastewater  treatment  plant  at  Vandenberg. 

6.1  Design  Basis:  Basis  of  design  for  the  wastewater  treatment  process  includes 
the  following: 


o  Wastewater  design  feed  rate  is  150  gpm. 

o  Total  wastewater  generated,  exclusive  of  contaminated  stormwater,  is 
1.5  million  gallons  per  launch. 

o  Total  stormwater  subject  to  containment  and  treatment  during  first  hour 
after  launch  is  227,330  gallons  per  launch. 

o  Mean  evaporation  rate  is  40  inches /year. 

o  Mean  rainfall  rate  is  15  inches/year. 

o  Discharge  of  effluents  to  surrounding  areas  shall  be  in  accordance  with 
current  environmental  regulations. 

o  Intermittent  operation  is  based  on  five  launches  per  year. 

o  Stormwater  entering  collection  system  during  non-launch  periods  shall  be 
routed  to  offsite  storm  drainage  system. 

o  Contaminated  stormwater  collected  during  launch  will  be  shared  between  two 
launches  for  evaporation  purposes.  Stormwater  evaporated  between  launches 
will  be  approximately  114,000  gallons. 

6.1.1  Wastewater  Composition:  The  influent  wastewater  composition  used  for 
the  process  design  is  shown  below.  It  is  based  on  data  extracted  from  the  STS 
Project  Book  and  modified  to  account  for  the  difference  in  constituents  between  KSC 
potable  water  and  Vandenberg  potable  water. 


Contaminant 


Concentration,  mg/1 


pH 

Aluminum 

Barium 

Cadmium 

Calcium 

Chromium 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Nickel 

Potassium 

Selenium 

Silver 


2-3.3 

52 

less  than  1.2 
0.2 
465 
0.6 
0.7 
30 
1.4 
57 
0.7 
1.3 
9 

less  than  4 

0.2 


% 


6-1 


Contaminant 


Sodium 

Zinc 

Boron 

Chloride 

Silica 

Sulfate 

C.O.D. 

Suspended  Solids 

6.1.2  Treated  Wastewater  Composition: 

Contaminant 

Calcium 

Magnesium 

Sodium 

Chloride 

Sulfate 

Silica 

Potassium 


181 

270 

10 

2881 

70 

79 

Nil 

20-320 


Concentration  mg/1 


116.1 

0.5 

201.0 

720.3 

24.0 

1.6 

2.3 


6.1.3  RO  Analyses: 

Based  upon 

80%  permeate  and  20%  reject  hydraulic 

split  and 

80% ‘ionic  rejection. 

the  following 

are  the 

expected  results  associated 

with  the 

heavy  metals  "in"  and 

"out"  of  the 

RO  unit. 

RO  FEED 

RO  PERMEATE 

RO  REJECT 

DESIGN 

DESIGN 

DESIGN 

(mg/D 

(mg/1) 

(mg/1) 

Aluminum 

1.5 

0.4 

6.0 

Chromium 

1.0 

0.25 

4.0 

Copper 

1.0 

0.25 

4.0 

Barium 

1.0 

0.25 

4.0 

Cadmium 

1.0 

0.25 

4.0 

Lead 

1.0 

0.25 

4.0 

Nickel 

1.0 

0.25 

4.0 

Silver 

1.0 

0.25 

4.0 

Selenium 

1.0 

0.25 

4.0 

Zinc 

1.0 

0.25 

4.0 

Iron 

1.0 

0.25 

4.0 

6.2  Process  Description:  The  wastewater  treatment  plant  includes  the  following 
unit  operations: 

a.  Neutralization  &  Precipitation: 

o  Acid  neutralization 

o  Precipitation  of  metals 

o  Adsorption  of  silica 

o  Clarification 
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b.  Filtration  and  Reverse  Osmosis: 

o  Granular  media  filtration 
o  Cartridge  filtration 

o  Reverse  osmosis 

c.  Sludge  Handling  &  Disposal: 

o  Sludge  thickening 

o  Sludge  filtration 

o  Sludge  containerization 

d.  Solar  Evaporation: 

o  Evaporation  ponds 

The  overall  process  flow  and  material  balance  is  shown  on  drawing  80-M-550  and 
will  be  referenced  in  the  following  discussion. 


© 


% 


« 
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FUNCTION  ANALYSIS 


ANALYSIS  -  VE  PAYS 
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6.2.1  Neutralization  and  Precipitation:  The  first  stage  of  wastewater  treatment 

is  neutralization  of  the  hydrochloric  acid  in  the  wastewater  combined  with  pre¬ 
cipitation  of  the  heavy  metals  as  hydroxides  and  sulfides.  The  optimum  pH  for  • 

treatment  and  the  residual  sulfide  concentration  will  be  selected  to  minimize  the 
concentration  of  the  metals  remaining  in  solution.  The  precipitation  of  hydroxides 

and  sulfides  is  necessary  because  of  the  amphoteric  properties  of  aluminum,  zinc, 
and  iron. 

Silica  removal  is  necessary  for  optimum  permeate  recovery  in  the  reverse  osmosis  • 

system.  Silica  will  be  coprecipitated  with  magnesium  hydroxide  and  other  metal 
hydroxides.  A  solution  feeder  for  magnesium  chloride  is  included  so  that  the  magne¬ 
sium  concentration  can  be  increased  if  necessary  to  limit  the  final  silica  concen¬ 
tration  (to  less  than  15  mg/1  as  Si02)  in  the  feed  to  the  reverse  osmosis  system. 

A  reaction/precipitation  tank  with  a  retention  time  of  30  minutes  is  included  to  • 

maximize  precipitation.  This  tank  has  a  slow  speed  agitator,  and  a  polymer  will  be 
added  to  enhance  floe  formation.  Sludge  from  the  final  clarifier  will  be  recycled 
to  improve  floe  formation  and  also  to  aid  in  silica  removal. 

Solids  separation  will  take  place  in  a  lamella  type  clarifier  which  has  inclined 
plates  on  which  the  precipitated  solids  settle.  The  inclination  angle  is  set  so  • 

that  the  settled  solids  will  slide  down  into  the  sludge  hopper  below  the  lamella 
plates.  The  sludge  is  pumped  into  a  thickener  to  maximize  the  sludge  solids  con¬ 
centration  before  the  sludge  is  dewatered  in  a  filter  press. 

6.2.2  Filtration  and  Reverse  Osmosis:  The  lamella  clarifier  supernatant  flows  by 
gravity  into  a  surge  tank  and  is  then  pumped  through  granular  media  filters  and  car-  • 
tridge  filters  to  remove  suspended  solids  and  thus  minimize  the  potential  fouling  of 

the  reverse  osmosis  membranes. 

The  pH  of  the  filtered  wastewater  is  adjusted  with  sulfuric  acid,  and  a  sequester- 
ant  is  added  to  avoid  the  deposition  of  solids  on  the  RO  membranes. 

• 

The  wastewater  is  then  boosted  to  the  RO  operating  pressure  of  450  psi.  A 
three-stage  reverse  osmosis  unit  is  provided  to  complete  the  final  dissolved  solids 
reduction  of  the  wastewater.  The  RO  permeate  and  reject  flow  rates  are  adjusted  and 
monitored  with  conductivity  sensors  to  maintain  the  total  dissolved  solids  level  at 
approximately  1100  mg/1  in  the  permeate.  The  reject  from  the  first  RO  stage  passes 
to  the  second  stage,  and  the  second  stage  reject  is  passed  to  the  third  stage.  The  • 

flow  rates  are  adjusted  so  precipitation  on  the  third  set  of  RO  units  is  avoided  or 
kept  to  a  minimum  by  avoiding  an  excessive  TDS  level  in  the  reject  from  the  third 
stage. 

The  permeates  are  combined  and  the  pH  is  increased  with  sodium  hydroxide  to  the 
Langelier  saturation  index  non  scaling  point.  This  avoids  corrosion  and  scale  for-  • 

mation  in  the  recycle  system.  The  reject  brine  from  the  third  stage  of  the  R/0  unit 
flows  to  the  evaporation  ponds  for  disposal. 

A  composite  analysis  of  STS-7  wastewater  before  and  after  treatment  and  the  pro¬ 
jected  analysis  of  the  RO  permeate  after  pH  adjustment  is  shown  on  drawing  80-M-550. 
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6.2.3  Sludge  Production  and  Disposal:  The  precipitation  of  metals  by  sodium 
hydroxide  and  sodium  sulfide  produces  a  mixture  of  metal  sulfides  and  hydroxides. 

In  addition,  silica  will  be  adsorbed  by  the  metal  hydroxides  and  the  suspended  sol¬ 
ids  which  do  not  settle  in  the  exhaust  duct  will  flocculate  and  be  removed  in  the 
lamella  clarifier.  Approximately  eight  hours  of  settling  time  is  provided  in  the 
clarifier,  plus  20  hours  settling  time  in  the  thickener,  to  clarify  this  suspension. 
The  settling  and  thickening  characteristics  of  STS-7  sludge  are  shown  on 
Figure  5-14. 

Table  6-1  summarizes  the  approximate  sludge  production  from  STS-1,  -2,  -3  and  -5 
launches . 

Table  6-2  presents  the  sludge  quantities  per  million  gallons  of  wastewater  volume 
projected  for  Vandenberg  assuming  STS-7  water  composition,  and  the  corresponding 
modified  Project  Book  composition.  Based  on  STS-7  launch  data,  10  tons  of  sludge 
per  launch  are  estimated  to  be  produced,  predicated  on  the  rainwater  composition 
approximating  the  manual  washdown  composition.  If  the  rainwater  is  more  dilute  than 
the  manual  washdown  composition,  the  produced  sludge  will  be  less. 

Figure  6-1  presents  a  graphical  depection  of  the  sludge  produced  by  source  for 
Vandenberg.  The  values  are  based  on  KSC  measurements  adjusted  for  Vandenberg  raw 
water.  The  graph  reflects  where  the  major  source  of  sludge  originates  and  suggests 
where  the  greatest  variations  in  quantity  may  exist.  The  sludge  resulting  from  the 
raw  water  should  remain  relatively  constant.  It  represents  about  10%  of  the  total 
sludge  produced. 

The  sludge  produced  from  the  SRB  exhaust  is  projected  to  be  15%  of  the  total 
sludge.  This  quantity  will  depend  premarily  on  the  amount  of  sound  suppression 
water  recovered,  the  scrubbing  efficiency  of  the  fixed  washdown  sprays  and  the 
fallout  on  the  launch  pad  area  that  will  be  contained  in  the  wastewater  collection 
system. 

Sludge  produced  because  of  steel  corrosion  is  5%.  The  quantily  could  increase 
because  of  the  greater  amount  of  steel  structures  at  Vandenberg.  However,  a  high 
quality  coating  system  Is  being  applied  at  Vandenberg  which  could  reduce  the  sludge 
produced  from  this  source. 

The  sludge  resulting  from  paint  absorption  is  projected  to  contribute  37%  of  the 
total  sludge.  At  Vandenberg  a  three-coat  paint  system  is  being  applied  which  should 
reduce  the  zinc  level  in  the  wastewater. 

The  last  main  contributor  to  the  sludge  is  the  concrete  which  comprises  13%  of  the 
total  sludge.  This  quantity  could  increase  because  of  the  quantity  of  exposed 
concrete  and  the  geometry  of  the  flame  ducts  at  Vandenberg  compared  to  KSC. 

The  other  20%  of  the  sludge  results  from  additives  (dlatomite  and  polymer)  to 
accomplish  the  sludge  formation.  If  the  other  sludge  sources  vary,  this  quantity 
will  vary  in  direct  proportion. 

The  interesting  aspect  of  this  analysis  is  that  only  about  20%  of  the  sludge  is 
primary  sludge  associated  with  the  launch  exhaust.  About  80%  can  be  classified  as 
secondary  sludge  production  which  is  a  result  of  the  particular  environment  in  which 
the  vehicle  is  launched. 


We  assumed  that  suspended  solids  will  not  exceed  50  mg/1  in  the  collected  waste- 
water  in  the  exhaust  ducts.  The  zinc  concentration  was  unexpectedly  high  in  samples 
tested  from  STS-1  thru  -7.  This  is  believed  to  be  due  to  removal  during  launch  of 
the  inorganic  zinc  coatings  used  on  the  structures  at  the  pad,  and  the  zinc  being 
picked  up  by  the  wastewater.  The  zinc  is  dissolved  by  the  hydrochloric  acid. 

The  thickened  sludge  will  be  dewatered  in  a  plate  and  frame  filter  press  with  an 
operating  pressure  of  225  psig.  This  is  required  to  produce  a  filter  cake 
which  will  pass  the  EPA  Standing  Water  Test  specification.  The  filter  cake  will 
then  be  containerized  and  transported  to  the  Casmelia  Resources  Sanitary  Land  Fill, 
as  illustrated  and  described  in  the  Appendix. 

If  the  filter  cake  passes  the  RCRA  and  proposed  CAM  leachate  tests  and  is  classi¬ 
fied  as  a  non-hazardous  sludge,  it  can  be  hauled  to  the  dump  site  in  large  bulk  con¬ 
tainers  and  dumped  into  an  open  pit.  However,  there  is  a  potential  for  the  sulfides 
to  be  converted  to  sulfates  by  biological  action  with  potential  leaching.  If  the 
leachate  does  not  comply  with  RCRA  and  CAM  metal  concentration  limits,  the  sludge 
will  then  be  classified  as  a  hazardous  sludge.  This  classification  requires  the 
sludge  to  be  transported  and  disposed  of  in  non-corrosive  and  sealed  containers. 
Provision  is  made  in  the  design  for  containerizing  the  sludge  for  either  classifi¬ 
cation.  This  decision  was  based  upon  analysis  of  sludge  from  STS-7  which  did  not 
pass  the  CAM  leachate  test  for  zinc  concentration.  It  is  believed  that  with  the 
improved  paint  system  at  Vandenberg  the  zinc  load  will  be  significantly  reduced  so 
that  the  produced  sludge  will  meet  proposed  CAM  requirements.  Until  actual  sludges 
can  be  evaluated  from  the  first  launch  at  Vandenberg,  the  design  will  incorporate 
the  ability  to  dispose  of  either  type  of  sludge.  It  is  probable  the  produced  sludge 
at  Vandenberg  will  meet  the  required  standards.  Tables  6-3  and  6-4  list  the  STS-7 
sludge  analysis  compared  to  the  RCRA  and  proposed  CAM  standards. 

6.2.4  Solar  Evaporation:  The  most  economical  method  of  reducing  the  TDS  of  the 
wastewater  to  an  acceptable  level  for  reuse,  is  through  reverse  osmosis.  Associated 
with  this  operation  is  the  requirement  to  concentrate  (as  much  as  economically  possi¬ 
ble)  the  dissolved  salts  removed  from  the  wastewater  before  they  are  discharged  to 
the  evaporation  process.  Based  upon  an  economic  trade-off  between  the  stages 
required  for  RO  and  methods  available  for  final  evaporation  of  the  reject  brine,  a 
three-stage  RO  unit  and  solar  evaporation  ponds  were  selected.  The  three-stage  RO 
process  will  recover  80  percent  of  the  feed.  The  20  percent  brine  reject  is  sent  to 
three  evaporation  ponds  with  a  total  surface  area  of  15  acres.  The  ponds  have  a 
high  density  polypropylene  liner  to  prevent  brine  from  leaching  into  the  groundwater 
system  and  to  comply  with  California  EPA  regulations. 


TABLE  6-1 


THEORETICAL  CALCULATIONS  OF 
SLUDGE  PRODUCED  FROM  STS  LAUNCHES 


STS  1 

STS  2 

STS  3 

STS  5 

MG/L 

MG/L 

MG/L 

MG/L 

A1(0H)3 

76.56 

83.78 

44.44 

53.4 

CdS 

0.15 

0.13 

0.15 

0. 12 

Cr (OH) 3 

0.38 

0.77 

0.99 

0.59 

CuS 

0.30 

0.54 

0. 14 

0.74 

Fe(0H)3 

47.77 

55.41 

22.93 

44.33 

NiS 

0.83 

1.42 

1.30 

0.74 

PbS 

1.1 

1.27 

1.04 

0.91 

Ti02 

0.82 

ZnS 

273 

327 

160 

182 

Si02 

50 

50 

50 

Ca3  (POi| )  2 

31.33 

4.41 

0.79 

Mn(0H)2 

0.99 

0.63 

AgS 

0.06 

89.42 

Mg (OH) 2 

121 

89.42 

Suspended  Solids 

50 

50 

50 

TOTAL 

401 

724 

426 

473 

LBS/106GAL 

3409 

6154 

3621 

4021 

LBS/ 1 . 376x106GAL 

4690 

8468 

4983 

5532 

> 
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TABLE  6-2 

SLUDGE  PRODUCTION  » 


SLUDGE  QUANTITY  PER  MILLION 
GALLONS  OF  WASTEWATER,  LBS 

STS-7  VANDENBERG  » 


CONSTITUENT 

LAUNCH 

(MODIFIED)* 

AL(OH)3 

626 

1251 

CdS 

2 

2 

Cr(OH) 3 

5 

12 

Fe(0H)3 

478 

478 

PbS 

13 

13 

Mg (OH) 2 

684 

1147 

SeS2 

4 

60 

ZnS 

2556 

3350 

Si02 

666 

539 

Suspended  Solids 

475 

417 

Diatomite 

1693 

1691 

Polymer 

117 

117 

Total  Dissolved  Solids 

7319 

9077 

Water  in  Cake 

13127 

17234 

TDS  in  Water 

46 

60 

Total 

20,492 

26,371 

*  Vandenberg  Project  Book  Composition  modified  to  account  for  the  difference  in  dis¬ 
solved  solids  between  KSC  potable  water  and  Vandenberg  potable  water. 
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TABLE  6-3 


STS-7  SLUDGE  COMPOSITION 
COMPARED  TO  RCRA 


CONSTITUENT 

STS 

27 

Arsenic 

0.020 

Barium 

ND 

(1.0) 

Cadmium 

ND 

(0.1) 

Chromium 

ND 

(0.1) 

Lead 

ND 

(0.1) 

Mercury 

ND 

(  .01) 

Selenium 

0.015 

Silver 

ND 

(0.1) 

NOTE:  All  concentrations  in  ppm. 

RCRA 


5.0 

100.0 

1.0 

5.0 

5.0 

0.2 

1.0 

5.0 


TABLE  6-4 


STS-7  SLUDGE  COMPOSITION 
COMPARED  TO  CAM 


CONSTITUENT 

STS-7 

STLC 

TTLC 

Antimony 

0.7 

100 

500 

Arsenic 

0.14 

5. 

500 

Barium 

2.0 

100 

10,000 

Beryllium 

ND(O.l) 

7.5 

75 

Cadmium 

ND(O.l) 

1. 

100 

Chromium 

4.6 

5. 

500 

Cobalt 

0.36 

80. 

8,000 

Copper 

ND(O.l) 

2.5 

250 

Lead 

1.1 

5. 

1,000 

Mercury 

ND(0.01) 

0.2 

20 

Molybdenum 

ND(1.  ) 

350. 

3,500 

Nickel 

9.7 

20. 

2,000 

Selenium 

0.80 

1. 

100 

Silver 

ND(0.1) 

5. 

500 

Thallium 

0.7 

7. 

700 

Vanadium 

1.4 

24. 

2,400 

Zinc 

1600. 

25. 

2,500 

NOTE:  All  concentrations  in  ppm 


%  OF  SLUDGE  PRODUCED 


CHEMICAL  ADDITIVES 


7.0  EVALUATION  OF  VANDENBERG  DESIGN  BASIS 
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• 

The  analytical  work  conducted  on  wastewater  samples  form  STS-6  and  STS-7  have 
provided  results  that  confirm  the  process  developed  by  Fluor  is  a  viable  design  for 
removing  heavy  metals  down  to  the  required  levels.  The  following  subsections  will 
address  the  impact  of  the  test  results  on  the  design  criteria  developed  originally 
for  the  project. 

• 

7.1  Wastewater  Composition:  The  major  constituents  of  the  wastewater  which  have 
a  significant  impact  on  the  treatment  plant  design  criteria  include  the  hydrogen  ion 
concentration  (pH)  and  the  concentration  of  metals  in  the  wastewater. 

The  wide  swings  of  the  wastewater  pH  from  low  to  high  levels  impacts  the  materials 
of  construction  and  process  chemistry.  At  low  pH  levels,  the  hydrochloric  acid  can  • 

cause  rapid  disintegration  of  concrete;  this  has  structural  design  implications  with 
respect  to  the  exhaust  duct  system. 

At  higher  wastewater  pH  levels  than  those  recorded  at  KSC  STS  operations  the  mag¬ 
nesium  oxide  would  be  ineffective  for  neutralization  and  the  formation  of  soluble 
magnesium  ions  to  aid  in  silica  removal  after  a  first  stage  of  neutralization.  It  • 

was  therefore  decided  to  provide  for  feeding  magnesium  chloride  instead  of  magnesium 
oxide  to  aid  in  silica  removal. 

The  concentration  of  metal  ions  in  the  wastewater  will  have  a  major  effect  upon 
the  sludge  disposal  system.  The  metals  will  be  precipitated  as  hydroxides  or 
sulfides.  After  thickening  and  dewatering  by  compression  at  225  PSIG,  the  filter  • 

cake  must  be  subjected  to  leachate  tests  as  specified  by  RCRA  and  by  the  State  of 
California.  If  the  filter  cake  leachate  does  not  exceed  RCRA  or  proposed  CAM 
standards,  the  cake  can  be  hauled  in  a  lined  and  covered  dumpster  to  a  sanitary  land 
fill  and  discharged  into  open  pits.  If  the  RCRA  or  proposed  CAM  Standards  are 
exceeded  for  even  one  ion,  the  sludge  must  be  packed  into  corrosion  resistant  drums, 
sealed  and  hauled  to  a  sanitary  land  fill  where  the  drums  are  deposited.  A  small  • 

scale  test  with  filter  cake  from  STS-7  passed  all  of  the  tests  except  the  proposed 
CAM  test  for  zinc.  The  Vandenberg  facility  will  therefore  be  designed  to  load 
filter  cake  into  dumpsters  or  into  drums,  depending  upon  the  results  of  the  leachate 
tests  after  each  launch. 

Aluminum,  iron,  magnesium  and  manganese  will  be  precipitated  as  hydroxides.  Tests  • 
with  wastewater  from  STS-7  have  indicated  that  precipitation  of  the  mixed  hydroxides 
reduced  the  silica  from  88  mg/1  to  about  8.0  mg/1  without  supplementary  magnesium 
feed  or  sludge  recirculation.  However  a  magnesium  chloride  feeder  is  included  in 
the  design,  as  well  as  a  sludge  pump  to  recycle  underflow  from  the  lamella 
clarifier,  if  either  or  both  are  necessary  to  maintain  the  silica  concentration  at 
less  than  15  mg/1  in  the  feed  to  the  reverse  osmosis  units.  _• 

The  optimum  pH  and  sulfide  residuals  will  be  maintained  to  minimize  the  residual 
metal  concentrations  in  the  treated  water.  Because  of  the  amphoteric  characteris¬ 
tics  of  aluminum,  iron,  and  zinc  ions,  it  will  be  necessary  to  adjust  the  hydroxide 
and  sulfide  ion  concentrations  to  achieve  the  lowest  soluble  metal  ion  concentra¬ 
tions  in  the  treated  wastewater.  • 
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The  barium  ion  concentration  cannot  be  reduced  appreciably  by  precipitation. 

Sulfuric  acid  and  a  sequesterant  will  be  fed  ahead  of  the  reverse  osmosis  units  to 

inhibit  barium  precipitation,  especially  in  the  third  stage  of  the  RO  units. 
However,  the  membranes  will  require  periodic  cleaning  if  the  system  is  to  operate 
with  a  maximum  dissolved  solids  concentration  in  the  reject  water. 

Reverse  osmosis,  with  three-stage  membranes,  will  be  used  to  reduce  the  calcium, 
sodium,  and  chloride  concentrations  in  the  RO  product  water,  together  with  most  of 
the  residual  concentrations  of  the  metal  ions  and  silica  remaining  after  pre¬ 
cipitation  and  filtration. 

The  reverse  osmosis  product  water  will  have  a  pH  of  about  6.8.  The  addition  of 

11  mg/1  of  NaOH  (138  lbs/launch)  will  raise  the  pH  to  about  9.4.  The  Langelier  pH 

saturation  is  9.4,  so  the  saturation  index  will  be  +0.17.  This  will  minimize 
corrosion  in  the  recycle  water  system. 

7.2  Equipment  Design  Considerations 

7.2.1  Chemical  Addition:  The  first  stage  neutralization  tank  was  eliminated 
because  the  wastewater  composition  did  not  indicate  that  the  pH  will  be  low  enough 
to  consistently  dissolve  magnesium  oxide. 

A  solution  feeder  for  magnesium  chloride  will  be  included  for  the  precipitation  of 
additional  magnesium  hydroxide,  if  it  is  required  for  silica  removal. 

A  dry  feeder  for  calcium  carbonate  has  been  included  in  the  system  design  to 
increase  the  density  of  the  metal  hydroxides  and  sulfides  to  aid  in  sludge 
dewatering. 

7.2.2  Sludge  Flocculation:  Jar  tests  with  washdown  water  from  the  STS-6  launch 
demonstrated  that  sludge  recirculation  in  excess  of  one  concentration  reduced  the 
free  settling  rate  of  the  sludge  dramatically.  There  was  not  enough  of  the  STS-7 
wastewater  to  permit  an  extensive  evaluation  of  the  effects  of  slurry  recirculation 
on  silica  removal.  However,  the  jar  test  data  indicate  that  slurry  recirculation 
may  not  be  necessary,  so  the  size  of  the  flocculation  tank  was  reduced  to  one-half 
of  the  initial  volume,  with  only  one  flocculator  in  the  unit. 

7.2.3  Sludge  Disposal:  Based  upon  the  STS-7  sludge  classification  tests,  there 
is  the  possibility  that  the  sludge  produced  after  first  launch  at  Vandenberg  will 
not  pass  the  leachate  tests  for  hazardous  metals.  As  a  precautionary  measure,  the 
sludge  handling  system  will  be  designed  to  (a)  handle  the  bulk  disposal  of  sludge  in 
large  reusable  truck  containers  (if  classified  non-hazardous) ,  (b)  load  hazardous 
classified  sludge  into  non-returnable  sealed  drums. 

The  option  of  either  disposal  method  will  require  a  conveyor  system  and  loading 
chute  to  route  the  sludge  to  the  bulk  container  or  to  individual  drums.  This  is  a 
manual  operation  requiring  an  operator  to  operate  the  filter  press  during  the 
cleaning  cycle  and  to  load  out  the  sludge. 


8.0  EFFECTS  OF  WASTEWATER  ON  CONCRETE 
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Low  pH  water  and  metal  chlorides  will  cause  deterioration  of  concrete,  according  to 

the  Portland  Cement  Association.  The  rate  of  deterioration  will  depend  upon  the  pH 

and  the  metal  chloride  concentration.  Other  factors  are  the  type  of  cement,  the 

aggregate,  the  ratio  of  cement-to-aggregate-to-water ,  and  the  curing  time  before 

use.  Protective  treatment  is  recommended  in  the  Portland  Cement  Association 

Bulletin  which  is  included  in  the  Appendix.  * 

The  Chemical  Research  Laboratory  made  a  study  of  the  rate  of  corrosion  of  concrete 
in  untreated  wastewater  from  the  STS-7  launch.  Type  2  Portland  Cement  tabs  weighing 
between  16  and  17  grams  were  immersed  in  55  ml  wastewater  samples  having  a  pH  of 
2.0.  One  of  the  samples  was  agitated  continuously  during  the  test.  The  pH  changes 
with  time  are  listed  in  Table  8-1.  * 

It  is  assumed  that  the  lower  pH  values  after  immersion  of  the  tab  in  the  agitated 
samples  was  due  to  carbon  dioxide  being  scrubbed  from  the  sample  before  it  could 
react  with  the  hydroxide  ion  leached  from  the  concentrate.  In  a  wastewater  sample 
with  a  pH  of  2.0,  the  hydrogen  ion  concentration  is  0.01  grams/liter.  A  55-ml 
sample  would  have  0.55  milligrams  of  hydrogen  ion.  A  16-gram  concrete  tab  would  * 

probably  have  at  least  100  mg  of  hydroxide  ion  which  would  dissolve,  depending  upon 
the  curing  time  and  the  formation  of  calcium  carbonate.  The  loss  of  weight  of  the 
concrete  tabs  was  between  310  and  330  milligrams  during  the  tests. 

There  has  been  very  little  corrosion  of  the  concrete  side  walls  observed  in  the 
two  holding  ponds  at  KSC .  This  can  be  attributed  to  the  following  factors:  * 

o  The  side  walls  appear  to  be  coated  with  algae  or  bacterial  growths  which 
would  act  as  a  protective  coating  against  corrosion. 

o  The  ponds  each  have  about  1,740  ft2  of  surface  which  would  be  in  contact  with 

the  wastewater,  based  upon  a  three-foot  water  depth.  If  it  is  assumed  that  * 

pond  turbulence  during  filling  and  due  to  wind  action  and/or  convection  cur¬ 
rents  would  cause  wall  contact  with  the  water  within  two  feet  of  the  wall, 
the  annular  volume  of  exposed  water  would  be  about  25,700  gallons  in  each 
pond . 

o  At  a  pH  of  1.5,  the  hydrogen  concentration  is  30  mg/1,  or  6.42  lbs/  * 

25,700  gal.  This  would  amount  to  0.0037  lbs/ft2  per  launch.  It  is  unlikely 
that,  based  upon  these  conditions,  there  would  be  appreciable  corrosion  after 
six  launches. 


The  use  of  the  ponds  for  the  collection  of  spent  cation  and  anion  exchange 
regenerants  and  their  effects  on  the  pond  walls  cannot  be  evaluated,  although  it  is 
apparent  that  they  have  not  caused  any  significant  damage  to  the  concrete.  Con¬ 
versely,  their  neutralizing  effect  helped  minimize  concrete  corrosion.  However,  the 
design  of  the  wastewater  collection  and  storage  system  at  Vandenberg  could  introduce 
other  concrete  corrosion  problems.  The  geometry  of  the  flame  duct  will  expose  more 
concrete  to  contact  with  the  acid  wastewater.  The  return  water  sump  will  also  have 
contact  with  acid  water.  It  might  be  necessary  to  add  sodium  hydroxide  to  the  flame 
duct  sump  immediately  after  the  launch  and  to  inject  air  into  the  flame  duct  sump  for 
mixing.  If  it  were  possible  to  increase  the  pH  to  about  4.0  as  soon  as  possible  after 
washdown  operations,  corrosion  to  concrete  would  be  minimized. 
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TABLE  8-1 


PH  CHANGES  FROM  IMMERSION  OF  TYPE  2 
PORTLAND  CEMENT  TABS  IN  STS-7  WASTEWATER 


TAB 

TAB 

CONTACT 

IMMERSION 

IMMERSION 

TIME 

WITH 

WITHOUT 

(HOURS) 

MIXING 

MIXING 

0 

2.0 

2.0 

6 

5.0 

4.4 

24 

7.2 

10.1 

36 

8.2 

10.3 

48 

8.2 

10.3 

72 

8.2 

10.6 

I 


Second  Immersion 


9.0  CONCLUSIONS  AND  RECOMMENDATIONS 


9.1  Conclusions :  Analyses  of  the  wastewater  from  STS-1  through  -7  have  shown 
appreciable  variations  in  some  of  the  ionic  constituents.  However,  the  analyses 
showed  only  minor  deviations  from  the  scope  analysis  in  Project  Book  SDYV0098  which 
was  used  for  the  design  of  the  wastewater  treatment  plant. 

The  recommended  wastewater  treatment,  which  includes  neutralization  and  precipita¬ 
tion,  filtration,  desalination  by  reverse  osmosis,  and  pH  adjustment,  will  produce  a 
treated  wastewater  suitable  for  reuse  as  sound  suppression  makeup  and  washdown  water 
at  SLC-6. 

A  leachate  test  with  sludge  produced  from  treatment  of  STS-7  wastewater  has  indi¬ 
cated  that  the  zinc  concentration  of  the  leachate  would  classify  the  sludge  as  haz¬ 
ardous  according  to  proposed  California  standards.  This  could  make  it  necessary  to 
pack  the  filter  cake  in  lined,  sealed  drums  for  disposal  at  a  sanitary  land  fill. 

The  washdown  water  has  a  pH  low  enough  to  cause  serious  corrosion  of  concrete, 
although  this  has  not  been  demonstrated  appreciably  on  the  pond  walls  at  the  KSC. 
Concrete  corrosion  at  Vandenberg  could  be  more  serious  in  the  flame  ducts  because  of 
their  geometric  configuration,  and  in  the  return  water  sump  because  of  the  greater 
amount  of  acid  water  in  contact  with  the  concrete  walls  and  base. 

9.2  Recommendations :  Although  laboratory  tests  indi>.  re  a  possibility  for  con¬ 
crete  damage  in  the  flame  ducts,  very  little  indication  of  concrete  corrosion  exists 
at  KSC.  It  is  recommended  that  an  assessment  be  made  after  first  launch  at  Vanden¬ 
berg  to  determine  the  extent  of  corrosion.  If  extensive  damage  is  observed,  the 
concrete  could  be  coated  or  partial  neutralization  of  the  sound  suppression  and 
deluge  water  immediately  after  the  launch  should  be  evaluated.  Sodium  hydroxide 
could  be  pumped  into  the  flame  duct  sump,  with  air  mixing  provided,  both  with  timer 
control,  to  increase  the  pH  of  the  water  to  about  4.0  before  treatment. 

The  process  treatment  developed  by  Fluor  is  a  viable  method  of  handling  the 
wastewater  produced  from  STS  operations.  The  wastewater  scope  analysis  specified  in 
the  Vandenberg  Hazardous  Waste  Management  facility  Project  Book,  adjusted  for 
Vandenberg  raw  water,  is  representative  of  the  wastewater  that  has  occurred  for 
STS-1  through  -7  at  KSC. 

Arrangements  should  be  made  with  a  laboratory  in  the  Los  Angeles  area  to  conduct 
RCRA  and  CAM  leachate  tests  with  the  sludge  filter  cake  as  soon  after  launch  as  a 
representative  sample  of  filter  cake  is  available.  Treatment  could  be  delayed  for 
the  thiee  days  that  would  be  required  for  the  leachate  tests.  If  the  filter  cake 
does  not  produce  a  hazardous  leachate,  there  would  be  an  appreciable  cost  saving  by 
hauling  the  filter  cake  to  a  sanitary  land  fill  in  dumpsters. 
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APPENDIX  I 

WASTEWATER  SAMPLING  PROCEDURES  FOR  STS-6  &  7 


SAMPLING  METHODS 


a.  Background  Samples:  A  one-liter  sample  was  taken  of  the  sound  suppression 
water  supply  prior  to  launch.  In  addition,  the  holding  ponds  which  receive  water 
from  the  launch  were  inspected  and  emptied  to  the  lowest  level.  Any  residual  mate¬ 
rial  in  the  ponds  was  sampled  to  obtain  a  composite  of  the  background  contribution. 
This  consisted  of  both  liquid  and  solid  materials. 

b.  Pre-Launch  Sampling  System  Placement: 

o  The  primary  means  of  obtaining  a  representative  sample  of  the  sound  suppress 
ion  and  deluge  water  was  to  sample  the  ponds  immediately  after  launch. 
Through  the  use  of  a  dip  stick  sampler,  a  pond  sample  profile  was  developed 
as  a  function  of  depth  and  coordinate  location.  From  the  data,  a  representa 
tive  sample  of  the  pond  contents  was  generated. 

o  The  fixed  washdown  samples  from  the  Fixed  Service  Tower  deluge  system  were 
obtained  from  the  launch  mount  perimeter  ditch. 

o  The  north  perimeter  fence,  north  of  the  flame  trench,  was  the  location  for 

sampling  sound  suppression  and  deluge  water  during  launch.  Several  contain¬ 
ers  were  spaced  in  the  area  of  maximum  deluge. 

o  The  Martin  Marietta  washdown  water  test  stand  was  equipped  with  a  collection 
pan  to  gather  samples  during  launch. 

c.  Post  Launch  Sampling  Procedures: 

o  Immediately  after  launch  and  as  soon  as  access  could  be  gained  to  the  launch 
pad,  samples  of  the  holding  ponds,  launch  mount  perimeter  trench,  fixed  ser¬ 
vice  structure  area,  Martin  Marietta  test  stand,  and  north  perimeter  fence 
were  taken.  Any  other  areas  where  wastewater  was  accumulated  were  sampled. 
The  priority  was  to  obtain  undisturbed  those  samples  which  were  subject  to 
dilution  from  systems  activated  after  launch,  such  as  rectification  of  the 
sound  suppression  system,  testing  of  fire  suppression  systems,  etc. 

o  After  the  post  launch  sampling  activities  were  completed,  preparation  was 

made  to  obtain  samples  of  the  holding  ponds  and  around  the  structures  during 
the  manual  washdown  process.  Holding  pond  depths  prior  to  manual  washdown 
were  marked  on  the  sidewalks  with  measuring  tapes. 

o  During  the  interim  neriod,  samples  of  the  solid  residue  were  collected  at 

various  locations  a  ound  the  launch  complex.  These  were  to  assist  in  assess 
ing  the  relative  values  of  each  of  the  constituents  in  the  wastewater. 

d.  Sample  Mechanics 

o  The  volume  of  all  samples  taken  was  normally  one  liter. 

Each  sample  taken  was  identified  on  a  sample  map  of  the  launch  complex  and 
noted  in  a  log  book.  Temperature,  pH,  time  from  launch  and  date,  commodity, 
sample  number,  and  sample  ID  were  recorded  on  the  sample  and  in  the  log  book 


o 


The  samples  were  preserved  in  clean  containers  using  tight  locking  typs  caps 
and  water  proof  labels  marked  with  indelible  ink. 

Sampling  of  the  holding  ponds  was  done  by  using  a  sample  dip  stick  which  had 
the  depth  of  submergence  marked  at  six- inch  intervals.  By  taking  samples  at 
various  pond  depths  and  blending  them,  a  representative  sample  of  the  pond 
contents  was  obtained.  It  was  important  to  develop  a  pond  sample  map  prior 
to  sampling  to  ensure  sufficient  samples  were  taken,  due  to  potential  for 
incomplete  mixing  in  the  pond. 

Samples  Gathered 

Ponds  prior  to  launch  -  four-liter  composite  samples  of  each  pond  unless 
ponds  were  previously  emptied. 

Ponds  after  launch  -  prior  to  manual  washdown  -  four-liter  composite  samples 
of  each  pond. 

Ponds  after  launch  and  after  manual  washdown  was  completed  -  four-liter  com¬ 
posite  samples  of  each  pond. 

Sample  of  sound  suppression  water  at  fence  -  one-liter  sample. 

Samples  of  puddled  areas  -  one-liter  sample  each. 

Sample  of  washdown  waters  in  area  of  LM  and  AT  -  one-liter  sample  of  each. 
Sample  of  washdown  water  at  test  stand  -  two-liter  sample. 

Sample  of  solid  residue  -  250  ml  bucket  samples  from  LM,  AT,  and  surrounding 
pad  area. 


APPENDIX  II 


STS-6  WASTEWATER  SAMPLE  DATA  BOOK 
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APPENDIX  III 

STS-7  WASTEWATER  SAMPLE  DATA  BOOK 


VANDEN8ERG  STS  PROJECT 

Vandenberg  AFB,  California 


FLUOR  ENGINEERS,  INC. 


STS- 7  WASTEWATER  SAMPLING  DATA  BOOK 


This  data  book  has  been  prepared  by  Fluor  Engineers,  Inc.  to  assist  the 
Air  Force  and  NASA  in  the  obtaining  of  representative  wastewater  samples 
at  KSC  Launch  Complex  39A,  during  the  STS-7  launch  operation.  The  intent 
of  the  STS-7  sample  program  is  to  provide  additional  data  to  confirm  the 
wastewater  composition  to  be  used  for  the  Vandenberg  STS  Hazardous  Wastewater 
Treatment  Plant  Design. 
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SECTION  1 


PRELAUNCH  ASSESSMENT 


© 

4 

© 


\ 


% 


* 


« 


The  STS-7  prelaunch  wastewater  sampling  program  has  two  areas  of  concern. 

The  first  area  is  the  measurement  of  the  Northeast  and  Northwest  Holding 
Ponds  at  LC  39A,  in  order  to  determine  how  much  wastewater  were  in  the  ponds 
prior  to  the  launch.  The  second  area  is  the  obtaining  of  wastewater  samples 
in  both  ponds  prior  to  launch  to  provide  a  datum  from  which  to  evaluate  the 
launch  contribution  to  the  pond  contents. 

Referring  to  the  holding  pond  sample  maps,  take  2  one  liter  samples  from 
opposite  sides  of  each  pond,  and  record  the  data  in  the  log  and  on  the  sample 
containers  as  follows; 

A.  Pond  A-Northeast  Pond 


Sample  1 

Sample  I.D.  -  Prelaunch  #1 
Date /Time 
pH 

Temp.  °F 

Method  of  Sampling 


Sample  2 

Sample  I.D.  -  Prelaunch  #2 

Date/Time 

PH 

Temp.  °F 

Method  of  Sampling 


B.  Pond  B-Northwest  Pond 


Sample  1 


Sample  2 


Sample  I.D.  -  Prelaunch  #3 

Date 

Time 

pH 

Temp. "F 

Method  of  Sampling 


Sample  I.D.  -  Prelaunch  #4 

Date 

Time 

pH 

Temp.  °F 

Method  of  Sampling 


-3- 


VANDEN8ERG  STS  PROJECT 

Vandenberg  AFB,  California 


FLUOR  ENGINEERS.  INC. 


The  depth  of  the  wastewater  in  each  pond  prior  to  launch  should  be  measured 
and  by  using  the  pond  sample  map  dimensions,  the  volume  of  wastewater  can 
be  computed.  Record  the  wastewater  depth  for  each  pond  as  follows; 

Pond  A  Wastewater  depth  -  _  inches 

Pond  B  Wastewater  depth  -  _  inches 


SAMPLE  MAP 


OUM1IY 


HOLDING  POND  A 


lt.» 

CL* 


i . '!  E  V>T  UOOJIOi  OOViD 

2  00  UOLDUO  oouo 


SAMPLE  MAP 
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SECTION  2 

EARLY  POST  LAUNCH  ASSESSMENT 


The  early  post  launch  sampling  procedure  consists  of  obtaining  samples  of 
the  holding  pond  wastewaters  prior  to  manual  washdown.  The  basic  approach 
is  to  obtain  representative  samples  of  each  pond  and  maintain  them  separately 
in  order  to  access  the  contribution  of  the  background  condition  of  each  pond 
prior  to  launch.  It  is  important  to  obtain  as  soon  as  possible  after  launch 
in  order  to  obtain  representative  samples  of  the  sound  suppression  and  deluge 
wastewater.  Also  after  launch,  samples  of  wastewater  around  the  Mobile  Launch 
Platform  and  the  Fixed  Service  Tower  are  important  to  obtain  in  order  to 
characterize  the  contribution  of  washdown  water  from  the  spray  systems  during 
launch.  If  possible,  samples  should  be  taken  at  5  minute  intervals  during 
the  washdown  for  field  pH  measurement. 

Washdown  Sample  pH 

1  Min 
5  Min 
10  Min 

Referring  to  the  holding  pond  sample  maps,  take  4  two  liter  samples  from 
opposite  sides  of  each  pond  and  record  the  data  in  the  log  and  on  the  sample 
containers  as  follows; 


VANDENBERG  STS  PROJECT 
Vandenberg  AFB,  California 


FLUOR  ENGINEERS,  INC. 


A.  Pond  A  -  Northeast  Pond 


Sample  No. 

1. 

2. 

3. 

4. 

Date 

7-/r 

7-/r 

7*/? 

7 -/S’ 

Time 

H'H'b 

uif 

//rs 

Sample  ID^ 

EPLA  #1 

EPLA  #2 

EPLA  #3 

EPLA  #4 

pH 

I.L1 

(■4,7 

I.UC 

(>6  S’ 

Quantity 

2L. 

2L. 

2L. 

2L. 

B.  Pond  B  -  Northwest  Pond 


Sample  No. 

1. 

2. 

3. 

4. 

Date 

7-/f 

7-/P 

7-/f 

Time 

/l2f 

l W 

nio 

/.'> 

% 

Sample  ID^ 

EPLB  #1 

EPLB  #2 

EPLB  #3 

EPLB  #4 

pH 

/•(.v7 

/.  ?2. 

/,< f  2- 

/,  <?/ 

Quantity 

2L. 

2L. 

2L. 

2L. 

(1)  EPLA  -  Early  Post  Launch  Pond  A 

(2)  EPLB  -  Early  Post  Launch  Pond  B 
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As  discussed  in  Section  1,  the  wastewater  depth  in  each  pond  should  be  obtained 
before  any  manual  washdown  activities.  Rain  on  any  other  activity  that 
contributes  to  the  wastewater  volume  should  be  noted. 

Pond  A  Wastewater  depth  -  1 1  inches 
Pond  B  Wastewater  depth  -  9  inches 


SAMPLE  MAP 


HOLDING  POND  A 


tl.»  1.  *1  EVjT  UOU*Ui  OOUO 


LL«  2-00  WST  UOLOUCi  °OuO 


SAMPLE  MAP 


HOLDING  POND  B 
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SECTION  3 

LATE  POST  LAUNCH  ASSESSMENT 


The  late  post  launch  sampling  program  is  designed  to  provide  a  represen¬ 
tative  sample  of  the  manual  washdown  contribution  to  the  overall  wastewater 
composition.  The  primary  area  of  concern  is  the  holding  ponds  for  obtaining 
the  samples.  The  procedure  described  in  the  following  is  a  duplicate  of  the 
early  post  launch  procedure.  The  key  point  is  that  samples  will  be  segre¬ 
gated  from  each  pond  to  allow  an  evaluation  to  be  made  on  each  pond 
separately. 

Referring  to  the  holding  pond  sample  maps  take  4  two  liter  samples  from 
opposite  sides  of  each  pond  and  record  the  data  in  the  log  and  on  the  sample 
containers  as  follows; 

A.  Pond  A  -  Northwest  Pond 


Sample 

No. 

1. 

2. 

3. 

4. 

Date 

Time 

Sample 

ID(1) 

LPLA  #1 

LPLA  #2 

LPLA  #3 

LPLA  #4 

PH 

Quantity 

2L. 

2L. 

2L. 

2L. 

VANDENBERG  STS  PROJECT  FLUOR  ENGINEERS,  INC. 

Vandenberg  AFB,  California 


B.  Pond  B  -  Northwest  Pond 


Sample  No. 

Date 

Time 

Sample  ID^ 
pH 

Quantity 


1.  2. 

LPLB  #1  LPLB  #2 

2L.  2L. 


3.  4. 

LPLB  #3  LPLB  #4 

2L.  2L. 


(1)' 

LPLA  -  Late 

Post 

Launch 

Pond 

A 

(2) 

LPLB  -  Late 

Post 

Launch 

Pond 

B 

The  wastewater  depth  in  each  pond  should  now  be  obtained  and  recorded  in 
the  following.  Any  significant  climatic  or  launch  recertification  conditions 
should  also  be  recorded. 


Pond  A  -Wastewater  Depth  - 
Pond  B  -Wastewater  Depth  - 


inches 

inches 


SAMPLE  MAP 
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SECTION  4 

SAMPLE  SHIPPING  INSTRUCTIONS 


All  sample  containers  should  be  securely  sealed  to  prevent  leakage.  The 
samples  should  be  packed  with  sufficient  padding  to  prevent  damage  during 
air  freight  shipment.  Call  Delta  Airlines,  Orlando,  Fla,  Phone  305-855-3643 
to  pick  up  the  packaged  samples.  Ship  via  air  freight  collect  to: 


CHEMICAL  RESEARCH  LABORATORIES 
11100  ARTESIA  BLVD. 

CERRITOS,  CA  90701 
ATTN:  EDGAR  P.  CABALLERO 

% 


Notify  E.  G.  Kominek,  Fluor  Engineers,  714-966-5861,  when  shipment  is  made 
and  shipping  labels  are  attached. 


% 
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APPENOIX  IV 


KSC  AND  VANDENBERG  POTABLE  WATER  ANALYSIS 


CHEMICAL  RESEARCH  LABORATORIL  3 

II  II . Ml  I  - 


11100  ARTESI  A  BLVD. 

CERRITOS.  CA  90701  (213)  924-0780 


RE°EfVEo 

*  5  1383 

LABORATORY  m**crs  dept  m 


REPORT 


Fluor  Engineers,  Inc.  (ATD) 
2801  Kelvin  Avenue 
Irvine,  CA  92714 

Attn:  Mr.  E.  G.  Kominek 
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NATURE  OF  SAMPLE  WaCer  from  Kennedy  Space  Center  LC  39  A 


PARAMETERS 

Barium 

Strontium 

Calcium 

Magnesium 

Potassium 

Sodium 

Iron 

Manganese 

Bicarbonate 

Sulfate 

Chloride 

Fluoride 

Borate 

Silica 


RESULTS,  in  mg/1 

*ND( 0.08) 
0.1 
21. 

8.4 

2.3 

75. 

6.6 

*ND( 0.1) 
54. 

96. 

87. 

0.96 

0.60 

3.9 


*Not  Detected  (Below  indicated  limit  of  concentration) 


Ji±. 


ANALYST 


&  APPROVED 

CjC/  7//9/P? 


TM  ftpoft  only  to  fltnipJM  (flvpttigtipd  t nj  flMi  «#P#«M«iy  apply  to  om#r  -atracoi  O'  a *r»*>or  matonata.  Tma  upon  >a  auemitipd  tot  vu 

O'  m*  C»»*nt  10  wnom  it  i«  aOOtOt»*0  Any  r«p«0<lwci'on  0*  tHi*  r  sport  O*  UN  Of  lh*l  LaPoniOry  t  'O'  •<J*»nu.nQ  qi  ouOi'Cdy  p<jrpo»*«  wntftOul  luinontanon  i«  pronipitso 


AMENDED 


CHEMICAL  RESEARCH  LABORATORIES 


LABORATORY 

REPORT 


t  I  too  ARTESIA  BIVD 
CERRITOS  CA  90701 


(213)  924-0780 


From:  Fluor-  Engineers,  Inc.  (  ATD  ) 
2801  Kelvin  Avenue 
Irvine,  California  92714 

ATTN:  Mr.  Edward  G.  Kominek 

NATURE  OF  SAMPLE 


Analysis  No.  *18248  -  A18249 
Sampling  Date 

Date  Sample  Rec'd.  1/05/ 8 3 


Well  #1  &  Well  #30  from  Vandenberg  AFB 


CATIONS 

Barium  (as  Ba) 
Calcium  (as  Ca) 

Iron  (as  Fe ) 
Magnesium  (as  Mg) 
Manganese  (as  Mn) 
Potassium  (as  K) 
Silica  (as  Si ) 
Strontium  (as  Sr) 
Sodium  (as  Na ) 

ANIONS 

Bicarbonate  (as  HCO3) 
Borate  (as  B0->) 

-J 

Chloride  (as  Cl) 
Fluoride  (as  F) 
Sulfate  (as  SO4) 

**pH 
h^Flow 


A18248 
Well  #1 
RESULTS ( mg/ i; 

0.28 

63. 

0.35 

24. 

*ND( 0.1) 

3.5 

20. 

0.5 

73. 


180. 

1.2 

140. 

0.62 

59. 

7.43  units 
450.  gpm 


p*pH  and  Flow  taken  by  client. 

*Not  Detected  (Below  indicated  limit  of  concentration 
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A18249 
Well  #30 
RESULTS  (mg/1) 

0.34 

110. 

0.30 

35. 

*ND( 0.1) 

5.0 

28. 

0.6 

60. 


230. 

1.3 

180. 

0.54 

98. 

7 .  74  units 
500  gpm 
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JAR  TEST  PROCEDURE 


Step  #1:  Determine  solubility  curves  for  aluminum  and  zinc  ions  vs.  pH  by  the 
addition  of  sodium  hydroxide. 

Step  #2:  To  a  new  sample  add  sodium  hydroxide  to  the  optimum  pH  for  A1(0H)3  pre 
cipitation  as  developed  in  Step  1.  Then  slowly  add  Na2S .  The  sulfide  ion  will  fur¬ 
ther  precipitate  remaining  heavy  metals  from  solution.  Allow  10  minutes  mixing  to 
ensure  complete  reactions.  When  the  sulfide  concentration,  preferably  measured  by 
an  ORP  sensor,  increases  perceptibly,  this  is  an  indication  that  the  metal  sulfide 
precipitation  has  been  maximized.  Measure  and  record  pH,  aluminum  ion  and  sulfide 
ion  concentrations.  It  is  anticipated  that  the  sulfide  ion  concentration  should  not 
exceed  about  0.2  mg/1. 

Step  #3:  If  the  aluminum  ion  concentration  has  increased  from  Step  1  because  of 
aluminate  ion  formation  at  the  higher  pH,  repeat  Step  2,  adding  NaOH  to  a  pH  of  only 
8.0.  Then  add  Na2S  as  described  in  Step  2  and  measure  pH,  aluminum  and  sulfide  ion 
concentrations.  It  may  be  necessary  to  repeat  the  procedure  (by  reducing  the  pH  to 
less  than  8.0  in  Step  2  before  repeating  Step  3)  keep  the  pH  low  enough  to  avoid 
aluminate  formation. 

Step  #4:  After  optimizing  the  NaOH  and  Na2S  dosages  as  described  in  Step  3,  fil 
ter  the  sample  and  analyze  for  all  heavy  metals  and  silica.  If  the  filtrate  is  not 
clear  due  to  colloidal  substances,  5  wg/1  uf  a  polymer  should  be  added  as  a  coagu¬ 
lant  aid  and  filter  aid. 

If  the  silica  concentration  is  less  than  15  mg/1,  further  chemical  treatment  for 
Si02  reduction  as  discussed  in  the  next  section  is  not  necessary. 

Silica  Removal:  The  purpose  of  this  test  is  to  determine  the  treatment  necessa'- 
to  reduce  the  Si02  in  the  treated  water  to  less  than  15  mg/1.  This  might  be  accom¬ 
plished  by  coprecipitation  of  the  heavy  metals  and  magnesium  in  the  raw  waste. 

If  necessary,  additional  magnesium  (as  the  oxide  or  chloride)  will  be  added  if 
increasing  the  reaction  time  or  slurry  concentration  isn’t  sufficient.  Silica 
removal  is  accomplished  by  adsorption/coprecipitation  of  ion  hydroxide  of  magnesium 
hydroxide.  It  is  possible  that  the  magnesium  and  other  heavy  metals  precipitated 
may  reduce  the  silica  to  tie  desired  level  without  the  addition  of  magnesium.  If 
this  does  not  occur,  it  may  be  necessary  to  add  1.8  mg  of  magnesium  per  mg  of  silica 
removed . 

Critical  variables  which  influence  the  silica  removal  efficiency  are: 

Reaction  time 

Slurry  concentration 

Magnesium  -  heavy  metals  precipitated 

Step  #1:  If  the  Si02  concentration  is  more  than  15  mg/1,  increasing  the  slurry 
concentration  to  one  percent  by  weight  should  accomplish  this  reduction.  Preparing 
a  one  percent  slurry  concentration  in  the  jar  tests  can  be  accomplished  as  follows: 

a.  Assume  that  one  liter  samples  will  be  used. 


0 


b.  Add  NaOH  and  Na2S  to  precipitate  metals  as  discussed  earlier,  and  add 
5-10  mg/1  of  polymer  for  effective  settling. 

c.  Note  settling  rate  of  precipitated  solids  in  inches  per  minute  for  10  minutes, 
but  continue  settling  for  30  minutes. 

d.  Decant  supernatant  water. 

e.  The  weight  of  precipitated  solids  is  calculated  so  that  the  weight  of  solids  0 
recirculated  with  each  test  will  be  indicated  by  the  number  of  tests  with  sludge 
returned. 


f.  Based  upon  the  scope  analysis,  there  will  be  about  1,000  mg/1  of  precipitated 
and  suspended  solids.  With  one  liter  samples  used,  10  returns  of  settled  sludge 
will  approxi:..  ce  one  percent  slurry,  based  upon  the  raw  waste  volume  treated. 

g.  The  settling  rate  of  the  slurry  should  be  asured  after  each  test  and  the 
settling  time  continued  until  the  sludge  volume  is  substantially  constant  over  a 
five  minute  period. 

h.  Record  the  temj  rature  at  which  the  jar  tests  are  run.  Settling  velocities 
vary  inversely  with  ki ;  .  atic  vi'  ity,  which  is  related  to  temperature. 

Relationship  of  /  ematic  Viscosity  to  Water  Temperature 
Tempera*,  jce  Kinematic  Viscosity,  v 

°C  °F  (10)~5  ft2/Sec 


0 

32 

1.792 

5 

41 

1.519 

10 

50 

1.310 

15 

59 

1.146 

20 

68 

1.011 

30 

86 

0.804 

The  difference  between  the  temperature  at  which  jar  test  are  run  and  the  antici¬ 
pated  minimum  plant  operating  temperature  must  be  factored  into  the  plant  design 

_ _  t  c.  j  _  or»0/-»  i  _  i i i  n  o  /■*  _ i  _  i  _• _ 


separation  rate.  If  lab  is  20°C  and 
should  be  multiplied  by  1.011/1.310. 


plant  may  be  10  C,  the  lab  settling  rate 


Sludge  Settling:  All  of  the  accumulated  sludge  should  be  saved  for  a  sludge 
thickening  test.  The  accumulated  sludge  should  be  mixed  and  tested  to  determine  the 
percent  in  weight  of  the  settled  sludge.  The  sludge  should  then  be  diluted  to  one 
percent  by  weight  with  supernatant  water  and  settled  in  a  graduated  cylinder,  pref¬ 
erably  1,000  ml  capacity.  The  graduate  should  be  filled  in  the  morning  so  that 
hourly  sludge  volumes  can  be  noted  during  the  day.  The  sample  should  be  allowed  to 
settle  for  24  hours,  with  the  sludge  by  volume  and  by  weight  being  determined. 


The  weight  percent  of  each  of  the  following  hazardous  metals  in  the  thickened 
sludge  should  be  determined. 


Barium 

Cadmium 

Chromium 


Lead 

Selenium 

Silver 


The  sludge  should  then  be  vacuum  filtered,  using  a  Buchner  Funnel  with  a  diatomite 
precoat.  A  sample  of  the  filter  cake  should  be  weighed  and  dried  to  determine  the 
percent  moisture  of  the  filter  cake.  Another  sample  of  the  cake  should  be  tested 
for  free  moisture  in  accordance  with  the  EPA  Free  Liquid  Test. 

"Use  500  micron  paint  filter,  put  100  grams  of  filter  cake  in 
funnel  for  five  minutes.  If  one  drop  of  water  comes  through, 
the  filter  cake  does  not  meet  the  EPA  standard." 

The  weight  percent  of  each  of  the  hazardous  metals  previously  listed  should  also 
be  determined  in  the  filter  cake,  based  upon  the  filter  cake  weight  before  drying. 
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July  12,  1983 


Fluor  Constructors,  Inc. 
3333  Michelson  Dr. 
Irvine,  CA  92730 


RE:  Evaluation  of  treatment  for  heavy  metal  removal 


ATTN:  Mr.  Ed  Kominek 
Gentlemen: 

We  at  Chemical  Research  Laboratories,  Inc.  are  pleased  to 
submit  our  final  report  on  the  treatment  study  for  heavy 
metal  removal  from  the  Space  Shuttle  Launch,  Kennedy  Space 
Center. 

This  report  includes  all  pertinent  laboratory  details. 

It  has  been  a  pleasure  working  with  you  and  we  look  forward 
to  serving  your  company  again. 

Respectfully  submitted, 


cc:  Mr.  Jack  Buckameir 
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EXECUTIVE  SUMMARY 

Chemical  Research  Laboratories,  Inc.  conducted  a  study  of  the 
treatment  used  to  remove  heavy  metals  from  waste  effluent 
generated  at  the  space  shuttle  launch,  Kennedy  Space  Center. 

This  study  concludes  that  sodium  sulfide  is  an  effective 
treatment  when  maintained  at  a  pH  of  10.5.  Moreover,  heavy 
metals  are  removed  to  levels  which  meet  drinking  water  standards. 
The  sludge  produced  from  the  treatment  is  relatively  stable 
and  meets  RCRA  requirements  for  declassification  as  a  poten¬ 
tial  hazardous  waste,  but  does  not  meet  CAM  declassification 
requirements.  CAM  requirements  are  not  achieved  due  to  the 
solubility  of  zinc  sulfide  at  pH  4. 

The  corrosivity  of  the  composite  water  is  significant  and  may 
require  neutralization  to  reduce  corrosion  of  concrete  ponds. 
Additionally,  dewatering  studies  indicate  that  centrifugation 
may  not  be  adequate  for  economical  handling  and  sludge  disposal. 
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EVALUATION  OF  TREATMENT  FOR  HEAVY  METAL  REMOVAL 

INTRODUCTION 

Fluor  Constructors,  Inc.  is  currently  under  contract  to  design 
a  treatment  system  to  process  the  wastewater  from  the  Space 
Shuttle  Launch  at  Kennedy  Space  Center.  Upon  rocket  engine 
ignition,  a  deluge  of  water  is  delivered  into  the  fire  pit  as 
cooling  fluid.  The  vapors,  gases  and  fuel  combustion  by-products 
are  washed  into  concrete  basins  and  detained  for  subsequent 
treatment . 

The  purpose  of  this  investigation  is  to  determine  the  most 
effective  physicochemical  conditions  for  the  removal  of  heavy 
metals.  Chemical  Research  Laboratories,  under  sub-contract  to 
Fluor,  has  characterized  the  composite  sample  (Table  I)  and 
subsequently  performed  treatment  studies  to  determine  the 
efficacy  of  heavy  metal  removal  by  sodium  sulfide  at  pH  levels 
between  9  and  11.  Additional  investigations  were  performed  to 
determine  the  unaided  precipitation  of  silica  at  various  temper¬ 
atures  as  well  as  to  determine  corrosive  properties  of  the 
launch  effluent  on  concrete  (Type  II  Portland  cement). 

Subordinate  studies  have  also  been  performed  to  determine  the 
effect  of  calcium  carbonate  on  sludge  compaction  and  the  possi¬ 
bility  of  centrifugation  as  a  mode  of  sludge  dewatering. 


METHODOLOGY 

The  various  testing  procedures  employed  to  determine  the  effect¬ 
iveness  of  treatment  were:  settling  rate  tests,  chemical  analysis 
of  metal  constituents  and  their  respective  concentrations,  and 
E.P.  toxicity.  Settling  rate  was  determined  by  the  Jar  test 
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technique  over  72  -  96  hour  periods.  Chemical  analysis  incorpor¬ 
ated  a  wide  range  of  lab  tests  including:  pH,  turbidity, 
demand  analysis,  heavy  metals,  solids,  and  nutrients. 

The  method  of  study  for  each  of  the  evaluations  is  listed  below 

1.  SAMPLE  CHARACTERIZATION 

The  initial  32  samples  were  received  and  individually 
evaluated  for  pH,  turbidity  and  silica.  The  samples 
were  then  composited  and  fully  characterized  (Table  II) 

2.  THE  EFFECT  OF  TEMPERATURE  ON  SILICA  PRECIPITATION 

To  determine  the  effect  of  temperature  on  silica 
precipitation,  two  aliquots  were  taken  from  the 
composite:  One  was  placed  at  34 °  F  and  the  other 
at  75  °  F.  Silica  precipitation  was  monitored  by 
determining  silica  levels  at  various  time  intervals. 

3.  THE  EFFECT  OF  SODIUM  SULFIDE  ON  METAL  CONCENTRATION 

The  effect  of  sodium  sulfide  on  the  metal  concentra¬ 
tion  of  the  composite  was  determined  for  various 
pH  levels  by  atomic  absorption  spectrophotometry. 

The  supernatant  from  the  Jar  tests  was  used  to 
determine  the  unprecipitated  metals.  The  treatment  also 
generated  data  for  the  settling  curves. 

4.  VARIATIONS  OF  TREATMENT 

Treatment  #4  received  300  mg/1  of  calcium  carbonate 
(CaCO^)  to  determine  the  effect  of  CaC02  as  a 
sludge  compaction  additive. 

Only  sodium  hydroxide  was  added  to  treatment  #6 
to  determine  if  the  sulfide  additive  was  necessary. 
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5.  SLUDGE  PRODUCTION  AND  DEWATERING 

Sludge  produced  from  each  of  each  of  the  six 

treatment  studies  was  combined  and  allowed  to  • 

settle  for  an  additional  24  hours.  The  super¬ 
natant  was  then  decanted  and  the  remaining  sludge 
was  evaluated  for  dewatering  by  centrifugation. 

• 

6.  MOISTURE  DETERMINATION 

The  sludge  produced  from  the  six  treatment  studies 

was  filtered  through  a  nominal  0.45  micron  glass 

fiber  filter  and  the  sludge  cake  volume  was  • 

determined  (Table  III).  A  portion  of  the  sludge  was 

used  for  moisture  determination  and  two  other  portions 

were  used  for  RCRA  and  CAM  evaluation. 

• 

7.  RELATIVE  CORROSION  OF  EFFLUENT  ON  CONCRETE 

Concrete  specimens (Type  II  Portland  cement)  were 

immersed  in  the  composite  sample  under  quiescent 

and  dynamic  conditions  to  determine  the  corrosivity  * 

of  the  fluid. 


EQUIPMENT 

Nonstandard  equipment  used  in  these  testing  procedures  includes: 
atomic  absorption,  centrifuge,  and  a  specially  devised  mixing 
apparatus  to  insure  continuous  mixing  at  a  prescribed  rate 
without  simultaneously  contaminating  the  test  solution.  The 
mixing  device  is  illustrated  in  figure  1. 
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RESULTS 


The  thirty-two  samples  received  from  Kennedy  Space  Center  were 
chemically  evaluated  for  pH,  turbidity,  and  silica  content  and 
exhibited  comparable  characteristics.  Thus,  they  were  propor¬ 
tionately  combined  into  a  single  composite.  Table  I  shows 
the  results  of  the  tested  parameters. 

The  results  of  unaided  silica  precipitaiton  (Table  IV)  indicate 
that  neither  time  nor  temperature  have  any  effect  on  precipitat¬ 
ing  silica  at  pH  2.0.  This  determination  was  conducted  at  75 °  F 
and  34  °  F. 

The  effect  of  alkaline  pH  and  sodium  sulfide  acting  synergisti- 
cally,  was  investigated  for  its  impact  on  settling  rate  and 
heavy  metal  removal.  The  results  of  this  investigation  are 
represented  in  figures  2-7.  Upon  settling  completion,  heavy 
metal  analyses  were  performed  on  the  supernatant  from  the  Jar 
tests.  The  results  of  heavy  metals  remaining  in  the  super¬ 
natant  are  shown  in  Table  V  and  are  plotted  as  pH  vs.  metal 
concentration  in  figures  8  -  18.  The  following  conditions 
are  variations  in  the  treatment  studies: 

1.  Treatment  #4  contained  an  additional  300  mg/1 
of  CaC02  as  a  compaction  additive. 

2.  Treatment  #6  contained  only  sodium  hydroxide 
for  pH  control — no  sodium  sulfide  was  added. 

The  addition  of  the  CaCO^  produced  no  appreciable  increase  in 
compaction  nor  any  significant  improvement  in  settling  rate. 

The  compaction,  settling  rate,  and  heavy  metal  removal  of  the 
sodium  hydroxide  treatment  was  comparable  to  those  with  sodium 
sulfide  addition. 

The  centrifugation  test  for  dewatering  indicated  that  sludge 
compaction  at  2624  g  and  4101  g  is  both  inefficient  and 
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inadequate.  A  conventional  lab  centrifuge  was  used  for  this 
test  and  sludge  compaction  was  measured  at  increasing  time 
intervals . 

The  possibility  of  classifying  the  produced  sludge  as  non-hazard- 
ous  was  tested  by  subjecting  the  sludge  to  numerous  analyses 
as  required  by  RCRA  and  CAM.  Results  from  these  tests  are 
listed  in  Tables  VI  and  VII,  respectively.  It  was  found  that 
the  leachate  under  RCRA  tests  falls  within  non-hazardous  guide¬ 
lines.  However,  the  leachate  maintained  excessive  zinc  levels 
under  the  CAM  procedure  and  cannot  be  classified  as  non-hazardous. 

The  concrete  (Type  II  Portland  cement)  was  determined  to  have 
comparable  corrosion  rates  from  both  the  quiescent  and  dynamic 
conditions.  The  quiescent  exposure  exhibited  1.94  7,  corrosion 
and  the  dynamic  exposure  exhibited  1.98  7,  corrosion.  The 
samples  for  these  tests  weighed  approximately  16  grams  and 
were  immersed  in  approximately  60  cc  of  composite  fluid. 

The  settling  rates  for  samples  of  the  composite  treated  with 
increasing  sodium  hydroxide  and  sodium  sulfide  were  correlated 
with  various  pH's.  However,  none  of  these  samples  showed 
additional  settling  due  to  increases  in  the  additives. 
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DISCUSSION 

Based  on  analytical  results,  it  appears  that  effective  treat 
ment  of  composited  discharge  from  rocket  launches  can  be 
achieved  through  the  use  of  controlled  pH  at  levels  of  10 
and  through  the  addition  of  sodium  sulfide  for  heavy  metal 
precipitation.  Although  sodium  hydroxide  alone  will  precipi¬ 
tate  the  heavy  metals,  the  addition  of  sodium  sulfide  forms 
the  relatively  insoluble  metal  sulfide  at  pH  levels  below  7 
with  the  exception  of  zinc.  The  metal  hydroxides  are  relatively 
soluble  with  changes  in  pH  to  levels  below  7. 

The  levels  of  magnesium  and  calcium  naturally  present  in  the 
wastewater  sample  aid  in  the  removal  of  silica  at  pH  levels 
above  9,  therefore  no  additional  treatment  is  required  for 
silica.  Although  the  compaction  of  produced  sludge  is  signi¬ 
ficant  (Table  X),  it  results  in  excessive  bulk.  Additionally, 
centrifugation  of  sludge  does  not  yield  adequate  compaction. 

The  disposal  of  this  sludge  may  represent  a  considerable 
problem  due  to  its  quantity  alone.  The  toxicity  of  the 
leachate  from  the  sludge  meets  RCRA  requirements  but  does  not 
pass  CAM  requirements  due  to  the  solubility  of  zinc  sulfide  at 
pH  4  and  must  be  handled  independently. 

The  corrosivity  of  the  composite  is  significant,  but  it  appears 
that  quiescent  contact  is  less  detrimental  than  dynamic  contact: 
This  is  suggested  by  the  formation  of  a  CaCC^  layer  in  the 
quiescent  sample  as  contact  time  increases. 
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RECOMMENDATIONS 


Since  zinc  instability  in  the  sludge  is  the  only  impediment 
to  State  classification  as  non  hazardous  waste,  Chemical 
Research  Laboratories  recommends  a  study  to  investigate  the 
stabilization  characteristics  of  the  zinc.  Eligibility  for 
CAM  classification  as  a  non  hazardous  waste  would  assuredly 
prove  less  costly  than  available  disposal  techniques. 

Sludge  handling  costs  may  also  be  minimized  through  modifica¬ 
tion  of  the  existing  process  possible  through  compaction  or 
filtration  techniques. 

Finally,  improved  corrosion  inhibition  can  be  achieved  through 
monitored  acid  neutralization.  Based  on  a  monitored  flow,  the 
controlled  sample  would  be  maintained  neutral  by  the  addition 
of  caustic  whenever  pH  exceeded  7. 
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Table  I 

Chemical  Analysis  of  Composite  Sample 
(A23991  -  A24022) 


PARAMETERS 

Aluminum,  Total 
Barium,  Total 
Cadmium,  Total 
Calcium,  Total 
Chemical  Oxygen  Demand 
Chloride 
Chromium,  Total 
Copper,  Total 
Iron,  Total 
Lead,  Total 
Magnesium,  Total 
Manganese,  Total 
Nickel,  Total 
Nitrogen  (N-NO3) 
Selenium,  Total 
Silicon,  Total  (as  Si02) 
Silver,  Total 
Sodium,  Total 
Suspended  Solids 
Total  Dissolved  Solids 
Zinc,  Total 
Sulfate  (as  SO4) 
Phosphate  (as  PO4) 


RESULTS,  mg/1 

26. 

0.600 
0.150 
173. 

104. 

1960. 

0.300 
1.2 
30. 

1.400 
34. 

0.59 
0.85 
0.59 
0.23 
88. 

0.012 
193. 

57. 

2360. 

206. 

203. 

0.7 
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Table  II 


SAMPLE 

Results  of 

pH 

Individual  Sample  Screening 

TURBIDITY  ,  , 

( NTU)  bl  bl02 

EPLA 

#la 

1.8 

34. 

79. 

EPLA 

#lb 

1.9 

27. 

77. 

EPLA 

#2a 

1.7 

28. 

81. 

EPLA 

#2b 

1.8 

33. 

79. 

EPLA 

#3a 

1.8 

46. 

81. 

EPLA 

#3b 

1.8 

38. 

81. 

EPLA 

#4a 

1.7 

12. 

81. 

EPLA 

#4b 

1.8 

15. 

79. 

EPLB 

#la 

1.9 

4.2 

88. 

EPLB 

#lb 

1.9 

9.0 

88. 

EPLB 

#2a 

1.9 

4.2 

83. 

EPLB 

#2b 

1.9 

4.2 

88. 

EPLB 

#3a 

2.0 

4.4 

88. 

EPLB 

#3b 

2.0 

6.0 

88. 

EPLB 

#4a 

2.0 

6.4 

88. 

EPLB 

#4b 

2.0 

10.0 

86. 

LPLA 

#la 

2.1 

2.4 

88. 

LPLA 

#lb 

2.1 

3.0 

81. 

LPLA 

#2a 

2.1 

3.0 

81. 

LPLA 

#2b 

2.1 

3.0 

81. 

LPLA 

#3a 

2.0 

6.0 

81. 

LPLA 

#3b 

2.0 

4.1 

83. 

LPLA 

#4a 

2.0 

5.6 

81. 

LPLA 

#4b 

2.1 

3.0 

83. 

LPLA 

#la 

1.9 

10.2 

83. 

LPLA 

#lb 

1.9 

5.6 

83. 

LPLA 

#2a 

1.9 

13.0 

86. 

LPLA 

#2b 

1.8 

6.4 

86. 

LPLB 

#3a 

1.8 

6.8 

86. 

LPLB 

#3b 

1.8 

5.6 

86. 

LPLB 

#4a 

1.8 

— 

83. 

LPLB 

#4b 

1.8 

83. 

COMPOSITE 

2.0 
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Table  III 

Physical  Characterization  of  Sludge 

The  sludge  produced  from  the  six  treatment  studies  was  allowed 
to  settle  for  7  days  and  subsequently  filtered  through  a 
nominal  0.45  micron  glass  fiber  filter.  The  cake  produced 
was  evaluated  for  volume  and  moisture  content.  Results  are  as 
follows : 

PARAMETER  RESULTS 

•5 

Sludge  Volume  25.5  cm 

Moisture  Content  89.3  7o 
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Table  IV 

The  Effect  of  Time  and  Temperature  on  Silica  Precipitation 

Evaluation  performed  on  the  precipitate  of  silicates  at  75 0  F 
and  34 °  F  vs.  Time.  The  results  are  as  follows: 


TIME 
(hours ) 

SILICA  CONC. 

AT  75  0  F 

(mg/1 ) 

SILICA  CONC. 
AT  °  F 

(mg/1 ) 

0 

41 

24 

39 

48 

39 

72 

39 

96 

39 

39 

120 

39 

39 

144 

39 

39 

168 

39 

39 

192 

39 

39 
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Table  VI 

Analysis  of  Sludge  According  to  RCRA 
The  composite  wastewater  was  subjected  to  treatment  evaluation 


with  sodium  hydroxide 

and  sodium  sulfide. 

The  sludge  produced 

from  a  total  of  six  studies  was  composited 

and  subsequently 

analyzed  in  accordance 

with  the  procedures 

set  forth  in  the 

Federal  Register  of  Monday  May  19,  1980. 

follows : 

RCRA 

MAX.  CONC. 

The  results  are  as 

PARAMETER 

(ppm) 

RESULTS (ppm) 

Arsenic 

5.0 

0.020 

Barium 

100.0 

ND  ( 1 .  ) 

Cadmium 

1.0 

ND (0.1) 

Chromium 

5.0 

ND (0.1) 

Lead 

5.0 

ND ( 0 . 1 ) 

Mercury 

0.2 

ND(0.010 

Selenium 

1.0 

0.015 

Silver 

5.0 

ND  ( 0 . 1 ) 
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Table  VII 

Analysis  of  Sludge  According  to  CAM 
The  composite  wastewater  was  subjected  to  treatment  evaluation 
with  sodium  hydroxide  and  sodium  sulfide.  The  sludge  produced 
from  a  total  of  six  studies  was  composited  and  subsequently 
analyzed  in  accordance  with  the  guidelines  set  forth  under  the 
"Procedures  for  Evaluating  Wastes,"  part  3  section  6669  of  the 
California  Assessment  Manual  (CAM)  for  Hazardous  Wastes, 
January  19,  1982.  The  results  are  as  follows: 


PARAMETERS 

STLC 

(ppm) 

TTLC 

(ppm) 

RESULTS 

(ppm) 

Antimony,  Total 

100. 

500. 

0.7 

Arsenic,  Total 

5. 

500. 

0.14 

Barium,  Total 

100. 

10,000. 

2.0 

Beryllium,  Total 

7.5 

75. 

ND (0.1) 

Cadmium,  Total 

1. 

100. 

ND ( 0 . 1 ) 

Chromium,  Total 

5. 

500. 

4 . 6 

Cobalt,  Total 

80. 

8,000. 

0.36 

Copper,  Total 

2.5 

250. 

ND ( 0 . 1 ) 

Lead,  Total 

5. 

1,000. 

1.1 

Mercury,  Total 

0.2 

20. 

ND( 0.010) 

Molybdenum,  Total 

350. 

3,500. 

ND  ( 1 .  ) 

Nickel,  Total 

20. 

2,000. 

9.7 

Selenium,  Total 

1.0 

100. 

0.80 

Silver,  Total 

5.0 

500. 

ND(0.1) 

Thallium,  Total 

7.0 

700. 

0.7 

Vanadium,  Total 

24. 

2,400. 

1.4 

Zinc,  Total 

25. 

2,500. 

1,600. 
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Table  VIII 

Relative  Corrosivity  Under  Quiescent  and  Dynamic  Conditions 

Concrete  samples  containing  Type  II  Portland  cement  (normal 
weight)  were  evaluated  for  corrosion  within  an  acid  environment 
which  was  provided  by  the  Fluor  sample  (composite).  These 
samples  were  examined  under  both  quiescent  and  dynamic  conditions. 


SAMPLE 

QUIESCENT 

DYNAMIC 


70  CORROSION 
1.94 
1.98 


Table  ix 

Relative  Dissolution  of  Concrete  by  Constituent 


PARAMETER 

QUIESCENT 
RESULTS, ppm 

DYNAMIC 
RESULTS , ppm 

Aluminum 

<0.2 

<0.2 

Calcium 

670. 

1050. 

Magnesium 

0.4 

44. 

Silica 

4. 

6. 
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Table  X 

Compaction  by  Centrifugation 

The  sludge  from  the  six  treatment  studies  was  allowed  to  settle 
ror  24  hours  and  subsequently  evaluated  for  compaction  by 
centrifugation  at  2624  g  and  4101  g.  The  results  are  as  follows: 


2624  g 

4101  g 

COMPACTION 

TIME 

COMPACTION 

TIME 

337.  cake 

1  min 

317.  cake 

1  min 

267.  cake 

3  min 

287,  cake 

3  min 

257,  cake 

6  min 

267»  cake 

6  min 

257.  cake 

9  min 

257.  cake 

9  min 

16 
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A.  INTRODUCTION 

This  section  presents  information  on  B-9  performance  in 
special  applications  which  generally  use  process  and 
waste  streams  rather  than  natural  waters.  The  data  do  not 
cover  all  the  uses  in  which  8-9  permeators  have  been 
employed.  Pilot  testing  is  recommended  on  all  special 
situations  to  determine  such  factors  as  chemical  compati¬ 
bility,  separation  performance  and  fouling  potential.  Long¬ 
term  system  performance  guarantees  for  special  applica¬ 
tions  are  available  on  the  basis  of  the  data  obtained  from 
pilot  tests. 

B.  GENERAL  CONSIDERATIONS 

Several  factors  must  be  considered  before  using  perme¬ 
ators  on  special  applications.  The  concentration  of  the 
stream  is  important.  As  a  general  rule,  the  osmotic  pres¬ 
sure  of  the  brine  stream  should  not  exceed  about 
1,400  kPa  (200  psi).  Thus,  B-9  permeators  are  usually  not 
applicable  for  streams  that  are  highly  concentrated. 

The  constituents  in  the  feed  stream  must  be  chemically 
compatible  with  the  fiber  as  well  as  the  other  materials  of 
construction  in  the  permeator.  If  the  feed  contains  strong 
oxidizing  agents,  e.g.,  Cl2,  03,  or  KMnO<,  they  must  be 
removed. 

Since  permeators  are  plastic  mechanical  devices  and 
thereby  subject  to  dimensional  changes  with  time,  they 
should  he  used  with  caution  in  medical  or  surgical  applica¬ 
tions.  Permeators  may  not  provide  bacteria  or  pyrogen- 
free  performance. 


C.  INDUSTRIAL  APPLICATIONS 

1.  DEIONIZED  WATER  STREAMS 

Permeators  have  been  used  to  remove  colloidal  mate¬ 
rial,  organics,  and  pyrogens  from  deionized  water 
streams.  For  this  application,  the  pH  of  the  system 
must  be  carefully  controlled.  For  normal  applications, 
i.e.,  salt  present  in  feedwater,  the  lower  pH  limit  for  the 
permeator  is  4.0  for  continuous  operation.  However,  for 
deionized  water  with  less  than  10  mg/C  TDS  (as  ion), 
the  pH  of  the  feed,  brine,  and  product  streams  must  be 
25  7.0.  The  best  approach  to  prevent  fiber  degradation 
is  to  adjust  the  feed  pH  to  >  7.5  using  base,  e.g., 

NaOH,  KOH,  or  NH40H.  Proper  in-line  instrumentation 
must  be  used  to  accurately  measure  the  pH. 

2.  ELECTROPAINTING 

Many  B-9  systems  are  purifying  rinse  water  from  electro¬ 
painting  lines.  Typically  the  feed  stream  has  a  pH  of 
9  to  10  and  its  constituents  include: 

•  Polyacrylic  resin  (-11  percent  solids) 

•  Isopropyl  alcohol  (~2  percent) 

•  Butyl  Cellusolve®  (-2.5  percent) 

•  Methanol  (-0.3  percent) 

•  Acetone  (-0.2  percent) 

•  Triethylamine  (-1.7  percent) 

Both  the  brine  and  permeate  are  recycled  back  to  the 
painting  lines.  Plants  which  operate  at  a  low  conversion 
(7.5  percent)  have  given  excellent  performance  for  over 
two  years.  Based  on  conductivity,  these  systems  have 
rejections  of  about  95  percent. 

3.  NICKEL  PLATING 

B-9  permeators  are  being  used  for  the  closed-cycle 
recovery  of  nickel  salts  from  the  rinse  of  nickel  plating 
operations.  Both  the  product  and  brine  are  recycled 
back  to  the  plating  bath.  The  product  water  is  used  for 
rinsing  while  the  brine  is  added  back  to  the  plating 
bath.  Using  a  brine-staged  system  (3  stages),  conver¬ 
sions  of  up  to  95  percent  have  been  obtained  with 
removal  of  92  percent  of  the  nickel  from  the  feed 
stream.  The  pH  of  the  feed  stream  is  usually  4.5.  The 
data  in  Table  I,  B-9  Separation  Performance  on  Nickel 


TABLE  I 

B-9  SEPARATION  PERFORMANCE*  ON 
NICKEL  PLATING  RECOVERY 


Concentration 

Concentration 

in  Feed 

In  Product 

Ion 

(mg/e  as  ion) 

(mg/(  as  ion) 

%  Rejection 

NC  ' 

4,610 

230 

95.0 

S04 

3,924 

53 

98.6 

cr 

2,580 

270 

89.5 

‘FMd  pressure  -  2,760  kPs  (400  pslg);  reed  (empereture  -  t2C; 
conversion  -  75V 

Copyright  c  E  I  du  Pont  de  Nemours  &  Co  ’982 
Not  to  be  reproduced 
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Plating  Recovery,  show  the  separation  performance  of 
a  system  operating  at  75  percent  conversion, 

D.  SEPARATION  PERFORMANCE 
FROM  LABORATORY  AND 
FIELD  TESTS 

1.  ORGANIC  ACIDS  AND  THEIR 
SODIUM  SALTS 

Separation  data  for  dilute  solutions  of  organic  acids 
and  their  sodium  salts  are  given  in  Table  II,  Separation 
of  Organic  Acids  and  their  Salts  by  B-9  Permeators. 

As  the  pH  is  increased,  a  rapid  increase  in  rejection 
occurs  where  formation  of  the  salt  form  occurs  (Fig¬ 


ure  1,  Effect  of  pH  on  Reiection  of  Organic  Acids)  The 
difference  between  rejection  of  the  acid  form  and  the 
salt  form  is  Darticularly  dramatic  for  acids  with  a  low 
dissociation  constant,  e.g.,  phenol  or  acids  with  low 
molecular  weights,  e  g.,  formic  and  acetic  acid. 

The  data  in  Table  II  also  show  the  effect  of  molecular 
weight  of  organic  acids  on  rejection.  The  relationships 
between  molecular  weight  and  rejection  for  three 
straight-chain  acids  is  shown  in  Figure  2,  Effect  of 
Molecular  Weight  on  Rejection  of  Organic  Acids.  Molec¬ 
ular  weight  "cut  off"  for  90  percent  rejection  of  the  acid 
form  appears  to  be  approximately  1 20  to  1 30  for  this 
series. 

The  effect  of  molecular  size  on  rejection  of  organic 
acids  can  be  seen  by  comparing  the  data  in  Table  II. 


TABLE  II 

SEPARATION  OF  ORGANIC  ACIDS  AND  THEIR  SALTS  BY  B-9  PERMEATORS* 


Molecular 

Dissociation 

Feed 

Feed 

Percent 

Compounds 

Weight 

Constant 

Concentration  (mg/l) 

pH 

Rejection 

Formic  Acid 

46 

1.77  x 

10'4 

500 

3.2 

50 

HCOOH 

Sodium  Formate 

68 

— 

740 

6.9 

94 

Acetic  Acid 

60 

1.75  x 

IQ'5 

500 

3.7 

40 

CH3COOH 

Sodium  Acetate 

82 

— 

680 

8.1 

98 

n-8utyric  Acid 

88 

1.51  x 

io-s 

500-2,000 

2.8-4.2 

70 

CH3CH2CH2COOH 

Sodium  Butyrate 

110 

— 

to-10 

2,500 

7.0 

98 

Phenol 

94 

1.28  x 

500-2,000 

7.0— 9.0 

55 

C6HsOH 

Sodium  Phenolate 

116 

— 

2,500 

10.7 

95 

Pivailc  Acid 

102 

8.91  x 

10* 

500-2,000 

4.0 

98 

(CH3)3C-COOH 

Sodium  Pivalate 

124 

— 

2,400 

8.1 

99 

n-Caproic  Acid 

116 

1.32  x 

10* 

500 

4.2 

87 

CHj(CH2)4COOH 

Sodium  Caproate 

138 

— 

600 

7.8 

99 

Benzoic  Acid 

122 

6.32  x 

10* 

500 

3.7 

83 

CsHsCOOH 

Sodium  Benzoate 

144 

— 

590 

8.1 

99 

Oxalic  Acid 

90 

K,  6.5  x 

10* 

500-2,000 

2.2 

94 

HOOC — COOH 
Di-Sodium  Oxalate 

134 

K2  6.1  x 

10'* 

2,980 

6.7 

98 

Adipic  Acid 

146 

K,  3.7  x 

10'* 

500-2,000 

2.7-4.3 

95 

HOOC(CH2)«COOH 
Di-Sodlum  Adipate 

190 

K2  3.87  x 

10* 

2,600 

5.6-10 

99 

*Tnt  condition*  u*ad  ware:  Fwd  pressure  -  2,760  kPa  (400  psig);  te*d  temperature  =  20°C;  conversion  --  75%. 


2.  CARBOHYDRATES  AND  GLYCOLS 

Rejection  data  obtained  for  carbohydrates  are  given  in 
Table  III,  Separation  of  Carbohydrates  and  Glycols  by 
B-9  Permeators.  Excellent  rejection  was  obtained  for 
dilute  solutions  of  saccharides  and  glycols  with  molecu¬ 
lar  weight  100.  As  shown  in  Figure  3,  Effect  of  Molecu¬ 
lar  Weight  on  Rejection  for  Carbohydrates  and  Glycols, 
a  sharp  break  in  the  rejection  curve  occurs  at  a  molec¬ 
ular  weight  of  approximately  100.  This  molecular  weight 
"cut-off”  is  consistent  with  that  for  other  small,  neutral, 
linear  organic  compounds. 


3.  ALCOHOLS 

Rejection  data  for  alcohols  obtained  with  B-9  permea¬ 
tors  are  given  in  Table  IV,  Separation  of  Alcohols  by 
B-9  Permeators.  For  straight-chain  alcohols,  rejection 
increases  with  molecular  weight  up  to  about  70%  rejec¬ 
tion  (Figure  4,  Effect  of  Molecular  Weight  on  Rejection 
for  Straight-Chain  Alcohols).  Straight-chain  alcohols 
with  molecular  weight  >  102  were  not  investigated 
because  of  their  low  water  solubility. 

The  effect  of  branching  on  rejection  can  be  seen  in 
Table  V,  Effect  of  Branching  on  Rejection  of  Alcohols 


%  Rejection 
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TABLE  III 

SEPARATION  OF  CARBOHYDRATES  AND  GLYCOLS  BY  B-9  PERMEATORS' 


Molecular 

Feed 

Percent 

Compound 

Weight 

Concentration  (mg /() 

Rejection1 

Raffinose 

504 

2,000 

99.4 

CiaH320ts 

Trisaccharide 

Sucrose 

342 

500-2,000 

99.8 

Cl2H220,i 

Disaccharide 

Sorbitol 

182 

2,000 

99.6 

CsH140s 

6-c  polyol 

Glucose 

180 

500-2,000 

99.0 

CsHt2Og 

Monosaccharide 

Arabinose 

150 

2,000 

98.9 

C5H10O5 

5-c  sugar 

Glycerol 

92 

500-2,000 

90.0 

CH2OH-CHOH-CH2OH 

3-c  polyol 

Ethylene  Glycol 

62 

2,000 

28.0 

CH2OH-CH2OH 
2-c  polyol 

‘Test  conditions  used  were:  Feed  pressure  =  2,760  kPa  (400  pslg);  feed  temperature  -  20°C;  conversion  ;  75%. 
“■Rejection  based  on  total  organic  carbon  analyses. 


Figure  4.  Effect  of  Molecular  Weight  on  Rejection 
for  Straight  Chain  Alcohols 


Figure  3.  Effect  of  Molecular  Weight  on  Rejection 
for  Carbohydrates  and  Glycols 
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TABLE  IV 

( 

SEPARATION  OF  ALCOHOLS  BY  B-9  PERMEATORS* 

« 

Molecular 

Feed 

Percent 

• 

Alcohol 

Weight 

Concentration  (mg/( ) 

Rejection 

Methyl 

32 

500-2,000 

0 

CH3OH 

Ethyl 

46 

500-2,000 

28 

CH3CH2OH 

_ 

n-Propyl 

60 

500-2,000 

62 

CH3CH2CH2OH 

n-Butyl 

74 

500-2,000 

65 

• 

CH3(CH2)2CH2OH 

n-Amyl 

88 

500-2,000 

68 

CH3(CH2)3CH2OH 

n-Hexyl 

102 

500 

68 

CH3(CH2)«CH2OH 

75 

Iso-Propyl 

60 

500-2,000 

• 

Iso-Butyl 

74 

500-2,000 

95 

(CH3)2CHCH2OH 

Iso-Amyl 

88 

500 

90 

(CH3)2CHCH2CH2OH 

sec-Butyl 

74 

2,000 

77 

CH3CH2CHOHCH3 

\ 

t-Butyl 

74 

500-2,000 

96 

• 

(CH3)3COH 

•Test  condition*  used  were:  Feed  pressure  =  2,760  kPs  (400  psig);  feed  temperature  =  20“C;  conversion  «  75V 

o 


( 


€) 


% 
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TABLE  V 

EFFECT  OF  BRANCHING  ON 
REJECTION  OF  ALCOHOLS* 


Alcohol 

Molecular  Weight 

%  Rejection 

n-Butyl 

CH^CHjfeCHjOH 

74 

65 

sec-Butyl 

CH3CH2CHOHCH2 

74 

77 

iso-Butyl 

(CH3)2CHCH2OH 

74 

95 

t-Butyl 

(CH3)3COH 

74 

96 

•Test  conditions  ussd  ware:  Fssd  prsssurs  =  2,760  kPa  (400  psig);  tssd 
temperature  =■  20°C;  conversion  =  75V 


Steric  effects  (branching)  appear  to  be  more  important 
with  respect  to  rejection  than  molecular  weight.  This 
can  be  seen  from  Table  V  as  well  as  from  Table  IV. 

4.  PHENOLS 

Separation  data  for  substituted  phenols  from  dilute 
solution  is  shown  in  Table  VI,  Rejection  of  Substituted 
Phenols.  Both  molecular  weight  and  size  affect  the 
rejection  of  phenols.  However,  the  most  important  fac¬ 
tor  in  regard  to  phenol  rejection  is  pH.  Thus,  when  the 
pH  was  increased  with  sodium  hydroxide  to  form  the 
sodium  salts,  the  rejection  increased  significantly 
(Table  VI). 

5.  AMMONIUM  AND  NITRATE  IONS 

Separation  data  for  dilute  solutions  of  ammonium  and 
nitrate  ions  are  given  in  Table  VII,  Separation  of 
Ammonium  and  Nitrate  Ions. 

For  the  test  conditions  used,  rejection  of  nitrate  ion 
appears  to  be  essentially  independent  of  feed  pH.  Simi¬ 
larly,  ammonium  ion  rejection  is  independent  of  feed 


pH  for  acidic  or  neutral  feeds.  A  higher  passage  of 
ammonium  ion  would  be  expected  for  basic  conditions 
because  NH3  would  form.  Thus,  acidic  conditions  are 
recommended  for  the  maximum  rejection  of  ammonium 
ion. 

6.  BORIC  ACID  AND  ITS  SODIUM  SALT 

Separation  data  for  a  300  mg/f  H3B03  solution  are 
shown  in  Figure  5,  Borate  Rejection  by  B-9  Permea- 
tors.  As  the  pH  increases  and  salt  formation  occurs,  the 
rejection  increases  dramatically. 

7.  ACID  MINE  DRAINAGE 

Field  tests  have  been  performed  using  B-9  permeators 
to  purify  acid  mine  drainage.  The  data  which  was 
obtained  is  given  in  Table  VIII,  B-9  Performance  on 
Acid  Mine  Drainage.  Excellent  rejection  was  obtained 
over  the  test  period  (1,667  hours)  at  a  pH  of  3.4.  High 
levels  of  Fe+  +  ,  Mn'1"’',  and  Ar  *  *  were  present  in  the 
feed  stream.  The  feed  pH  was  below  the  Guideline 
minimum  pH  of  4.0  for  continuous  operation. 

8.  HEAVY  METALS 

Various  laboratory  and  field  data  show  excellent  rejec¬ 
tion  of  heavy  metals  by  B-9  permeators.  Although  the 
feed  pH  and  exact  form  of  the  metal  ions  can  influence 
the  rejection,  the  separation  data  given  in  Table  IX, 
Rejection  of  Trace  Metals  by  B-9  Permeators,  can  be 
used  as  a  guide  for  trace  metal  rejection. 

9.  RADIOACTIVE  CONTAMINANTS 

Field  data  show  excellent  rejection  of  radioactive  mate¬ 
rials  when  present  in  trace  amounts  in  the  feed  water. 
For  example,  Ra-226  is  rejected  by  about  96  percent. 
Since  dissolved  ionic  radioactive  ions  behave  the  same 
as  the  non-radioactive  ion,  rejections  for  any  radioac¬ 
tive  ion  can  be  estimated  from  the  rejection  of  corre¬ 
sponding  non-radioactive  ion. 
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TABLE  VI 

REJECTION  OF  SUBSTITUTED  PHENOLS*'6 


Phenols 

Phenol 


p-Nitrophenol 


p-Chlorophenol 


Molecular 

Weight 

94 


108 


110 


139 


128 


Dissociation 

Constant 

1.28  ■>  10  10 


9.8  x  10  ” 


1.55  x  10  10 


6.5  x  10“8 


7.0  x  10  10 


Feed 

pH 

7-9 

11 


7 

11 


4-7 

10 


6 


7 


p-Amlnophenol 


109 


7 


HaN- 


OH 


■T»*t  conditions  used  w era:  Faad  praaaura 
“All  toad  concentrations  ware  2,000  mg/f. 


2,760  kPa  (400  pslg);  faad  temperature  =  20'C;  conversion  =  75%. 


( 

Percent 

Rejection 

55 

95 


94 


63 

85 


56 


51 


84 


Figure  5.  Borate  Rejection  by  B-9  Permeators 


Test  conditions  used  were  feed  pressure  =  2760  kPa  (400  psig)  feed 
temperature  -  20  *C  and  conversion  =  75% 

Feed  pH  adjusted  with  NaOH 


TABLE  VII 

SEPARATION  OF  AMMONIUM 
AND  NITRATE  IONS* 


lonb 

Feed  pH 

Percent  Rejection 

NO; 

7.0 

80 

NOi 

9.2 

84 

NOi 

11.1 

86 

nh; 

6.9 

85 

nh; 

5.3 

85 

nh; 

3.2 

84 

•Teat  eondltlona  used  were:  Feed  preaaure  =  2,760  kPa  (400  pelg); 
feed  temperature  =  20”C;  conversion  *  75%. 

“For  NO;  teat,  1,500  mg/f  NO;  (added  aa  NsNO,)  was  tha  feed  con¬ 
centration  and  tha  pHwvas  ad|usted  with  NaOH.  For  nh;  test,  500 
mg/f  NH,*  (added  as  NH4NO,)  was  the  feed  concentration  and  the  pH 
was  adjusted  with  HCI. 
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TABLE  VII! 

B-9  PERFORMANCE1  ON 
ACIO  MINE  DRAINAGE 

Feed  Concentration 


Ion 

(mg/f  as  ion) 

%  Rejection 

Ca "  ’ 

111 

99.3 

Mg 

83 

99.2 

Fe  ’ 

70 

99.1 

Mn*  * 

14 

99.1 

Al*  *  * 

8 

97.4 

SOi 

774 

99.6 

SI02 

11 

92.5 

TDS 

1,319 

98.1 

PH 

3.4 

— 

"Text  conditions  used  were:  Feed  pressure  =  2,760  kPa  (400  pslg); 
feed  temperature  =  12.5"C;  conversion  -  75%;  brine-staged  plant 
(2:1 ). 


TABLE  IX 

REJECTION1  OF  TRACE  METALS 
BY  B-9  PERMEATORS 


Metal 

%  Rejection1 

As  3 

-60 

As 1 5 

>95 

Ba'  • 

>95 

Cd’  * 

>95 

Cr*8 

>95 

Cu*  * 

>95 

Se*4 

>95 

Se*8 

>95 

Zn*2 

>90 

'Test  conditions  used  were:  For  dilute  solutions  feed  pressure  - 
2,760  kPa  (400  pslg);  feed  temperature  =  25°C;  conversion  =  75%. 
°Re|ectlon  may  vary  with  pH  and  exact  ion  form.  Use  rejections  as  a 
guide  only. 
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1  ^  CAUTION:  Follow  manufacturers  recommendations  on  containers  or  m  product  bulletins  for  the  safe  handling  of  all  chemicals  and  cleaning  agents  used 

l  with  Permasep  permeators 

The  information  contained  herein  is  based  upon  technical  data  and  tests  which  we  believe  fo  be  reliable  and  -s  intended  lor  use  by  persons  havng  technical 
skill  at  their  discretion  and  risk  Since  conditions  of  use  are  outside  Du  Pont  s  control  we  can  assume  no  liability  for  results  obtained  or  damages  incurred 
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Material  safety  data  r  r['S$K:  .<1  Oriu.SlCAL  CO. 

Sodium  Sulfide  ko:  drive 

60%  Flake  i«fcuroaMA«MO 

PHONE— 832-7330 


HAZARD  HATING 

4  =  EXTREME 

5  =  HIGH 

2  =  MODERATE 
1  =  SLIGHT 
0  =  INSIGNIFICANT 


Emergency  telephone  (209)  524-1461 


NFPA  Designation  704 


HEALTH  /  3  0  7  REACTIVITY 

\/acidS^ 


SPECIFIC 

HAZARD 


Synonyms  Sodium  Sulfide  Hydrated,  Sodium  Sulphide,  Sodium  Sulfuret 
§  Shipping  DOT  Corrosive  Solid,  NOS  (Sodium  Sulfide) 
o  ®  name  iaTA  Corrosive  Solid.  NOS 
"§  £  IMCO  Sodium  Sulnde,  hydrated 

0 —  Formula  Na2S«  XH20  (x  averages  3) 


Chemical  Family 


Sulfide 


Material  or  component  greater  than  1  % 

% 

CAS# 

Hazard  Class 

Sodium  Sulfide  equivalent 

60 

1313-82-2 

Flammable  Solid,  Corrosive 

Water 

36 

7731-18-5 

Not  Classified 

Sodium  Hydrosulfide 

3 

16721-80-5 

Flammable  Solid,  Corrosive 

Sodium  Thiosulfate 

1 

7772-98-7 

Not  Classified 

Melting  point 


Boiling  point 


Vapor  pressure  @  1 00°  C, 


Vapor  Density  (Air  •  1) 


Room  temperature: 
appearance  A  state 


Odor 


92°  C  (198°  F) 


1 76°  C  (349°  F) 


7.1  kPa  (53mmHg) 


non-volatile 


yellow  flakes 


rotten-egg 


Specific  Gravity  (H,0  ■  1) 

1.8 

Solubility  in  H,0,  %  by  WT 

@10°C  (50°  F),  28 

%  Volatiles  by  Volume 

non-volatile 

Evaporation  rate  (butyl 
acetate  =  1) 

non-volatile 

pH  (as  is) 

NA 

pH  (10%  solution) 

13.5 

Flash  point  Nonflammable 


Autoignition  temp.  NA 


Flammable  Limits  (air) 


Upper 


Lower 


Extinguishing  ^  Water  i]  Water  Fog  □  CO,  !>«  Dry  Chemical  l!  Other, 
media 


fighting  procedures  Wear  self-con,ained  breathing  apparatus 


Degree ollire and  May  evolve  highly  flammable  and  toxic  nydrogen  sulfide  gas. 
explosion  hazard  Highly  toxic  sulfur  dioxide  gas  may  be  present. 


M  Stable  l  ]  Unstable  Hazardous  Polymerization  May  Occur 


Conditions  to  Avoid  Contact  with  acids  and  oxidizing  agents. 


X  Will  Not  Occur 


Incompatibility  With  acids,  water  less  than  pH  8  0,  oxidizers 


Major  contaminates  that  may 
contribute  to  instability  on 


Hazardous  decomposition  Contact  with  acid  will  liberate  the  poisonous  gas,  hydrogen  sulfide  Sulfur  dioxide  may 
products  be  evolved  when  oxidized  or  heated 


Health  hazard 
information 


Inhalation 


Hazard  classification  NIOSH  1974  Pb-246698 


No  Data.  Hazard  is  suspected  low  since  the  physical  form  is  flake. 
Dusts,  if  inhaled,  can  be  hazardous. 


Skin  contact 


Highly  corrosive 


Skin  absorption 


Eye  contact 


Ingestion 


Moderate  to  highly  toxic 


Highly  corrosive 


Moderately  hazardous 


Acute  exposure  Sodium  Sulfide  is  corrosive  to  the  eyes  and  skin  and  can  be  poisonous  il  swallowed  or  absorbed 
through  (he  skin. 


Chronic  exposure  No  Data 


Eves  Immediately  flush  with  large  amounts  of  waler  lor  a!  leasi  15  minutes 
Do  not  use  oils  or  ointments  See  an  ophthalmologist  if  in  nation  persists 


Skin  Immediately  wash  skin  thoroughly  with  water  and  continue  tor  15-20  minutes.  Do  not  apply  saives  or 
ointments  to  contacted  skin  surfaces 


inhalation 


Remove  to  trnsh  air  II  breathing  shallow  or  difficult  call  a  physician  and  treat  lor  possible  hydrogen 
sulfide  poisoning 


Ingestion  If  swallowed  and  victim  is  conscious,  have  victim  drink  water  or  milk. 


Decontamination  procedures 


Remove  contaminated  clothing 

Wash  with  large  amounts  nr  soap  and  water 


Notes  to  physician 

In  severe  poisoning  treat  *,ith  amyl  nitrite  and  sodium  name  as  for  cyanide  poisoning,  but  omit  sodium  thiosu.tato 
injection  This  tneraDv  has  nad  no  clinical  trials  m  sulfide  ooisomnci.  but  is  effective  n  anmals. 

Atropine  sulfate  (0.0006  gm  intramuscularly)  may  contribute-  some  symptomat.c  relief 

Conjunctivitis  may  be  reiu  -ved  by  the  instillation  ol  i  drop  ol  olive  on  in  each  eye  and  sometimes  by  3  to  4  mops  of 
epinephrine  solution  (1  tbOOi  at  frequent  intervals  leg.  5  mmoles)  Occasionally  local  anesthetics  and  not  or  cold 
compresses  are  necessary  to  control  the  pam 
Antibiotics  at  the  fust  hint  of  pulmonary  infection 

Ret  t.iosselin  RF.  et  ;;i  0<>t..il  Toxicology  ol  ,,n -(;,s  4in  ••()  R.:.  i-w  //.:-i**i  ••  "-l!  A  —  >v. 
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Disposal,  spill  or  I  Storage  and  Precautionary  Special  protection 

leak  procedures  I  handling  statement  information 


Ventilation  requirements  Exhaust  fan  or  hood  if  dust  or  harmful  vapors  present 

Recommended 

personal  protective  equipment: 

Appropriate  eye  and  skin  protection. 

Respiratory  (Specify  conditions) 

Approved  toxic  dust  respirator  or  if  necessary,  use  NIOSH  certified  self-contained 
breathing  apparatus 

Eyes  Monogoggles  and/or  full  face  mask. 

Gloves  Liquid  proof  rubber  or  neoprene. 

Special  clothing  and  equipment 

Safety  showers  in  work  area.  Rubber  footwear,  polyester  or  acrylic  full  cover  clothing 

Danger 

Causes  severe  burns  to  skin  and  eye. 

Avoid  breathing  (dust,  vapor). 

Harmful  if  swallowed  or  inhaled. 

Keep  container  closed. 

Harmful  if  absorbed  through  ihe  skin 

Use  with  adequate  ventilation 

Contact  with  acid  releases  toxic  hydrogen  suilide  gas 

Wash  thoroughly  after  handling 

Do  not  get  in  eyes,  on  skin,  on  clothing. 

Wear  chemical  goggles  and  impervious  gloves. 

Protect  against  physical  damage.  Separate  from  acids,  and  oxidizing  materials.  Keep  away  from  high  heal  in  areas 
where  hazardous  levels  of  hydrogen  sulfide  might  be  generated,  it  is  recommended  that  a  continuous  monitoring 
hydrogen  sulfide  gas  detection  and  alarm  system  be  installed.  Do  not  store  in  zinc,  aluminum  or  copper  containers. 


Source  Date  1963 

Water  Quality  Criteria 
McKee,  JE.Wotf.  HW 

Calif.  State  Water  Quality  Control  Board  I 

Procedure  for  release  or  spill 

Recover  in  dry  form  for  reuse  01  disposal.  Use  propei  protective  gear  for  dust  and  skin  and  eyes  Do  not  flush  'a,  sewer 
or  streams 

Waste  disposal  method  ^ 

Do  not  flush  to  sewoi  or  so;  taco  waters.  Sodium  Sullide.  it  discarded  for  disposal,  is  a  hazardous  waste  bv  RCRA 
regulations  Subpart  C  Part  2C,\  (reactivity)  II  is  recommenced  that  material  first  be  considered  tor  recycle  or  reuse 
Material  (or  disposal  should  he  drummed,  labeled  handled  and  transported  acc  ording  to  regulations  in  a  permute.'  • 
hazardous  waste  managirmr.nl  lacility  j 


Neutralizing  chamicals  Solution  will  oxidize  by  aeration  or  hydrogen  peroxide  to  sutf.ite  thiOM.P.iio  .me  ...imcnato 


Aquatic  toxicity  classification  Moderately  toxic 
NIOSH  RTECS  No.  79-100 


Chemtrec  Emergency  Telephone:  (800)  424-9300 


Proper  shipping  name 

Corrosive  Solid,  NOS 

DOT  classification 

Corrosive  Material 

DOT  labels 

Corrosive 

DOT  marking 

Corrosive  Solid,  NOS  (Sodium  Sulfide,  60%  Flake) 

DOT  placard 

Corrosive 

UN  number 

1759 

Hazardous  substance/ RQ 

None 

49  STCC  number 

4936545 

Emergency  accident  precautions  and  procedures  P80**  away.  Use  protective  breathing  apparatus.  Do  not 

K  flush  to  sewers  or  streams. 


Precautions  to  be  taken  in  transportation  Do  not  carrV  acids  or  liquid  oxidants.  Solid  oxidants  must  be  separated 
_  by  physical  barrier. 


CMA  chemcard  number 

None 

Type  packages 

Metal  drum  or  plastic  bag. 

2  ^ 
S  ° 
-2  Z 
««  „ 

xj  g. 
■o  2» 
<  £ 


Material  is  reported  in  EPA  TSCA  inventory  list  feS  Yes  □  No 


FMC  Corporation  furnishes  (he  (Jala  contained  herein  in  good  faith  at  customer's  request  without  liability  or  legal  responsibility  for  same 
whatsoever  and  no  warranty  or  guarantee;  express  or  implied,  is  made  with  respect  to  such  data,  nor  does  FMC  grant  permission,  recommen 
dation.  or  inducement  to  infringe  any  patent  whether  owned  by  FMC  or  others  The  data  is  offered  solely  for  your  information  and  consideration 
Since  conditions  of  use  are  beyond  FMC's  control,  user  assumes  all  responsibility  and  risk 


FMC  Corporation  Industrial  Chemical  Group  2000  Market  Street  Philadelphia,  Pennsylvania  19103 
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CONCRETE  CONSTITUENTS 

Portland  cements  are  primarily  composed  of  four  principal 
constituents  which  are  as  follow: 

1.  Tricalcium  silicate 

2.  Dicalcium  silicate 

3.  Tricalcium  aluminate 

4.  Tetracalcium  aluminoferrite 

The  concrete  samples  used  to  compare  relative  corrosivity  of 
Fluor' s  sample  contained  Type  II  (low  sulfate)  Portland  cement 
and  contained  no  admixtures.  The  following  information  on  the 
concrete  samples  was  provided  by  the  supplier: 

1.  Compressive  strength  (f^)  =  3000  psi 

2.  Portland  cement  content:  6  sacks /cu  yd  P.C. 

3.  Maximum  size  of  coarse 

aggregate=  1  inch 

4.  Average  size  of  aggregate  =  3/8  inch 

5.  Slump  of  Portland  cement  concrete  =  5  inches 


I  Technical 


APPENDIX  VII 


CONCRETE  INFORMATION  BULLETIN 


Effect  of  Various  Substances  on  CorW$ttePL  DEPT- 
and  Protective  Treatments,  Where  Required 


Q 


€0 


% 


% 


% 


Quality  concrete  must  be  assumed  in  any  discussion  of  the 
effect  of  various  substances  on  concrete  and  protective 
treatments.  In  general,  achievement  of  adequate  strength 
and  sufficiently  low  permeability  to  withstand  many 
exposures  indefinitely  requires  proper  proportioning,  plac¬ 
ing.  and  curing  Certain  fundamental  principles  by  which 
the  quality  of  concrete  can  be  controlled  are  well  estab¬ 
lished 

•  Low  water-center'  ratio— n ot  to  exceed  0.4d. 

•  Minimum  cement  content-SM  lb.  ((>  U.S.  bags)  per 
cubic  yard 

•  Suitable  cement  type-such  as  portland  cement  low  in 
tricalciunt  aluminate,  C3A,  to  reduce  or  prevent 
attack  by  some  chemicals  that  react  with  C3A, 
notably  sulfates. 

•  Adequate  air  entrainment-ihe  amount  dependent  on 
maximum  aggregate  size. 

•  Suitable  workability-avoiding  mixes  so  harsh  and 
stiff  that  honeycomb  occurs,  and  those  so  fluid  that 
water  rises  to  the  surface.  Slump  should  be  not  more 
than  3  in. 

•  Thorough  mixing-unU\  all  concrete  is  uniform  in 
appearance,  with  all  materials  evenly  distributed. 

•  Proper  placing  and  consolidation- filling  all  corners 
and  angles  of  forms  without  segregation  of  materials. 
Where  possible,  construction  joints  should  be  avoid¬ 
ed. 

•  Adequate  curing-supplying  additional  moisture  to 
the  concrete  during  the  early  hardening  period  or  by 
covering  with  water-retaining  materials  (rapid  evapo¬ 
ration  of  moisture  from  the  concrete  surface  soon 
after  it  is  placed  may  cause  plastic  shrinkage  crack¬ 
ing).  Do  not  use  curing  compounds  on  surfaces  that 
are  to  receive  protective  treatment.  Concrete  should 
be  kept  moist  and  above  50  deg.  F.  for  at  least  the 
first  week;  however,  longer  curing  times  usually 
increase  resistance  to  corrosive  substances.  Concrete 
should  not  be  subjected  to  hydrostatic  pressure 
during  this  period. 

Design  Considerations 

Whenever  concrete  is  to  be  coated  for  corrosion  protection, 
the  forms  should  be  coated  with  materials  that  will  remain 


on  the  forms  when  they  are  stripped.  Hence,  forms  coated 
with  form  oils  or  waxes  should  not  be  used  against  surfaces 
to  be  coated.  Curing  membranes  mav  be  weakly  bonded  to 
the  concrete  and  may  in  turn  develop  little  or  no  bond  to 
coalings  applied  over  them.  If  form  oils,  waxes,  or  curing 
membranes  are  present,  they  should  be  removed  by  acid 
washing,  sandblasting,  scarifying,  or  other  such  processes. 

Where  spillage  of  corrosive  substances  is  likely  to  occur, 
the  floor  should  slope  to  drains  approximately  1,'N  to  1/4 
in.  per  linear  foot  to  facilitate  washing  down  of  the  floor. 
The  slope  required  depends  on  the  distance  between  drains 
and  the  corrosive  substance  involved. 

Many  solutions  that  have  no  chemical  effect  on  con¬ 
crete.  such  as  brines  and  salts,  may  crystallize  upon  drying. 
It  is  especially  important  that  concrete  subject  to  alternate 
wetting  and  drying  of  such  solutions  be  impervious.  When 
free  water,  in  concrete  is  saturated  with  salts,  the  salts 
crystallize  in  the  concrete  near  the  surface  during  the 
'process  of  drying  and  this  crystallization  may  exert 
sufficient  pressure  to  cause  scaling.  Structures  exposed  to 
brine  solutions  and  having  a  free?  surface  of  evaporation 
should  therefore  be  provided  with  a  protective  treatment 
on  the  side  exposed  to  the  solution. 

In  addition,  movement  of  salts  into  the  concrete  may 
result  in  corrosion  of  reinforcing  steel.  The  corrosion 
reactions  form  compounds  that  cause  expansion  and 
disruption  of  the  concrete.  Significant  corrosion  of  steel  in 
reinforced  concrete  will  occur  if  both  of  the  following 
conditions  are  met;  (1)  sufficient  oxygen  is  available,  and 
(2)  the  normally  passive  state  of  steel  in  concrete  is 
impaired. 

Porous  concrete  or  surface  cracks  permit  the  penetration 
of  oxygen  to  the  reinforcement.  Steel  is  normally  passive 
because  a  protective  oxide  film  is  formed  and  maintained 
on  it  by  the  high  concentration  of  hydrogen  ions  (pH)  in  the 
water  solution  in  concrete.  This  protective  film  may  be 
impaired  by:  ( I )  sufficient  lowering  of  the  pH  value,  as  by 
reaction  of  carbon  dioxide  from  the  air  or  other  sources,  or 
(2)  a  sufficient  concentration  of  chloride  ions  in  solution. 
High  cement  content  in  high-quality  impermeable  concrete 
provides  protection  against  corrosion  of  reinforcement  by 
producing  a  high  pH  value  and  limiting  exposure  to  the  air. 

It  is  important  that  sufficient  concrete  coverage  be 
provided  for  reinforcement  where  the  surface  is  to  be 
exposed  to  corrosive  substances.  Metal  chairs  for  support  of 
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reinforcement  should  not  extend  to  the  concrete  surface 
Deep  recesses  in  the  concrete  should  be  provided  lor  form 
ties,  and  they  should  be  carefully  filled  and  pointed  with 
mortar. 

Acids  attack  concrete  by  dissolving  both  hydrated  and 
unhydraied  cement  compounds  as  well  as  calcareous 
aggregate.  In  certain  acid  waters  it  may  be  impossible  to 
apply  an  adequate  protective  treatment  to  the  concrete, 
and  the  use  of  a  “sacrificial’'  calcareous  aggregate  should  be 
considered.  Replacement  of  siliceous  aggregate  by  lime¬ 
stone  or  dolomite  having  the  equivalent  of  a  calcium  oxide 
concentration  of  at  least  50  percent  will  aid  in  neutralizing 
the  acid.  The  acid  will  attack  the  entire  exposed  surface 
more  uniformly,  reducing  the  rate  of  attack  on  the  paste 
and  preventing  loss  of  aggregate  particles  at  the  surface.  The 
use  of  calcareous  aggregate  will  also  retard  expansion 
resulting  from  sulfate  attack  caused  by  some  acid  solutions. 

The  rate  of  attack  on  concrete  may  be  directly  related  to 
the  activity  of  the  aggressive  chemical.  Solutions  of  high 
concentration  are  generally  more  corrosive  than  those  of 
low  concentration-hut  with  some,  the  reverse  is  true.  The 
rate  of  attack  may  sometimes  be  affected  by  the  solubility 
of  the  reaction  products  of  the  particular  concrete  in  the 
corrosive  solution.  Lowering  of  the  hydrogen  ion  concen¬ 
tration  generally  causes  more  rapid  attack  in  the  concrete. 
Also,  high  temperatures  usually  accelerate  any  possible 
attack  and  thus  better  protection  is  required  than  for 
normal  temperatures. 


Surface  Preparation 

Proper  preparation  of  the  concrete  surface  and  good 
workmanship  are  essential  for  the  successful  application  of 
any  protective  treatment.  Concrete  should  normally  be  well 
cured  (28  days  to  six  months,  depending  on  service 
conditions  and  coatings  used)  and  dry  before  the  protective 
coatings  are  applied.  Moisture  in  the  concrete  may  cause 
excessive  internal  vapor  pressure  that  can  result  in  the 
treatment's  blistering  and  peeling. 

Precautions  should  be  taken  to  eliminate  objectionable 
voids  in  the  surface  that  may  cause  pinholes  in  the  coating. 
Good  vibration  and  placing  techniques  will  reduce  the 
number  of  these  surface  imperfections.  The  surface  should 
be  smoothed  immediately  after  removal  of  forms  by 
applying  grout  or  mortar,  or  by  grinding  the  surface  and 
then  working  a  grout  into  it. 

It  is  important  to  have  a  firm  base  free  of  grease,  oil, 
efflorescence,  laitance,  dirt,  and  loose  particles.  The  best 
method  of  cleaning  the  concrete  surface  depends  on  job 
conditions. 

Removal  of  chemical  contaminants  must  be  accom¬ 
plished  before  any  other  surface  cleaning,  such  as  acid¬ 
etching  or  sandblasting,  takes  place.  Grease  and  oil  may  be 
removed  with  a  10  percent  solution  of  caustic  soda  or 
trisodium  phosphate,  or  with  steam  that  incorporates  an 
alkaline  detergent.  The  surface  should  then  be  flushed 
thoroughly  with  fresh  water  until  a  neutral  reaction  to 
litmus  paper  is  obtained. 

Efflorescence  and  laitance  can  be  removed  by  light 
sandblasting  or  by  washing  the  surface  with  a  5  to  10 


percent  solution  ol  hydrochloric  acid  Hie  surlace  should 
be  dampened  with  water  before  the  acid  treatment  and 
thoroughly  (lushed  with  clean  water  afterward  to  remove 
all  acid.  Complete  removal  ol  acid  may  he  assured  by 
washing  the  surlace  with  a  10  percent  solution  ol  ammonia 
water  or  potassium  hydroxide,  followed  eitnei  by  rinsing 
with  water  or  by  allowing  the  surlace  to  weather  for  at  least 
one  month. 

Dirt  and  dust  may  be  removed  by  air-blowing,  brushing 
with  stiff  fiber  or  wire  brush,  hosing,  or  scrubbing  For 
extremely  dirty  surfaces,  steam-clean  mg  or  wet  or  dry 
sandblasting  may  be  used. 

Concrete  cast  against  forms  is  sometimes  so  smooth  as  to 
make  adhesion  of  protective  coatings  very  difficult  to 
obtain.  Such  surfaces  should  be  acid-etched,  sandblasted 
lightly,  or  ground  with  silicon  carbide  stones  to  provide  a 
slightly  roughened  surlace. 

Choosing  the  Treatment 

Protective  treatments  for  concrete  are  available  for  almost 
any  degree  of  protection  required  The  coatings  vary  so 
widely  in  composition  and  performance  that  no  one 
material  will  serve  best  for  all  conditions. 

Every  coating  is  formulated  to  render  a  certain  perform¬ 
ance  under  specified  conditions.  Its  quality  is  not  deter¬ 
mined  solely  by  the  merits  of  any  one  raw  material  since 
minor  variations  in  formulation  can  make  very  substantial 
changes  in  performance.  Coating  performance  also  depends 
upon  the  surface  preparation,  method  and  quality  of 
coating  application,  conditions  during  application,  and  Him 
thickness.  Any  general  discussion  of  chemical  resistance  and 
other  properties  of  coatings  must  assume  optimum  formula¬ 
tion  and  proper  use.  The  producers  of  the  various  coatings 
can  provide  valuable  information  on  the  merits  of  their 
products  for  a  particular  use  and  on  the  proper  and  safe 
procedure  for  application.  Many  coatings  contain  solvents 
that  are  fire,  explosion,  or  toxic  hazards. 

Many  protective  materials  (thermoplastics)  soften  at 
elevated  temperatures  and  may  even  melt  or  become 
ineffective.  Various  grades  of  coatings  are  available  for  use 
over  a  fairly  wide  temperature  range.  Where  flavor  or  odor 
is  important,  the  U.S.  Food  and  Drug  Administration  or  the 
Canadian  Food  and  Drug  Directorate  should  be  consulted 
regarding  materials  for  use  with  food  ingredients. 

The  coating  thickness  required  depends  on:  (I)  the 
exposure,  whether  continuous  or  intermittent;  (2)  the 
resistance  of  the  material  to  the  chemicals  involved:  and  (3) 
the  ability  to  form  a  continuous,  pinhole-free  surface.  Asa 
rule,  thin  coatings  are  not  as  durable  as  heavier  coatings  and 
hence  are  less  suitable  where  there  is  considerable  abrasion. 

The  more  common  protective  treatments  are  indicated 
in  the  tables  (starting  on  page  7),  the  numbers  and  letters 
corresponding  to  the  descriptions  given  here.  For  most 
substances,  several  treatments  are  suggested.  They  will 
provide  sufficient  protection  in  most  cases. 

The  information  in  the  tables  is  onlv  a  guide  for 
determining  when  to  consider  various  coatings  for  chemical 
resistance.  Where  more  specific  information  is  required, 
particularly  to  determine  whether  protection  is  required  for 


large  installations,  small  mortar  prisms  representative  ol  the 
concrete  to  he  used  can  be  immersed  in  the  corrosive  liquid 
and  evaluated  as  to  resistance.*  Where  continuous  service- 
over  long  periods  is  desirable,  it  may  be  more  economical  to 
use  the  more  positive  means  of  protection  rather  than  a 
treatment  of  lower  first  cost  that  may  be  less  permanent. 


Protective  Treatments 

I.  Magnesium  fluosilicate  or  zinc  fluosilicate:  The  treat¬ 
ment  consists  generally  of  three  applications.  Either  of  the 
lluosilicatcs  may  be  used  separately,  but  a  mixture  of  20 
percent  zinc  and  80  percent  magnesium  appears  to  give  the 
best  results.  For  the  first  application,  1  lb.  of  the  fluosilicate 
crystals  should  be  dissolved  in  1  gal.  of  water;  about  2  lb.  of 
crystals  per  gallon  of  water  are  used  for  subsequent 
applications. 

The  solution  may  be  applied  efficiently  with  large 
brushes  for  vertical  surfaces  and  mops  for  horizontal  areas. 
The  surfaces  should  be  allowed  to  dry  between  applications 
(about  three  or  four  hours  are  generally  required  for 
absorption,  reaction,  and  drying).  Care  should  be  taken  to 
brush  and  wash  the  surface  with  water  shortly  after  the  last 
application  has  dried  to  remove  incrusted  salts;  otherwise 
white  stains  may  be  formed. 

Treatment  with  tluosilicates  reduces  dusting  and  hardens 
the  surface  by  chemical  action.  It  increases  resistance  to 
attack  from  some  substances  but  does  not  prevent  such 
attack.  With  poor-quality  concrete,  the  treatment  is  not 
effective. 

Concrete  surfaces  to  be  treated  with  fluosilicates  should 
not  contain  integral  water-repellent  agents  because  these 
compounds  will  prevent  penetration  of  the  solution.  Hard¬ 
eners  should  not  be  used  when  paints  are  to  be  applied 
because  they  result  in  poor  adhesion  of  many  coatings. 
Also,  the  hardened  surfaces  are  difficult  to  etch  properly 

2.  Sodium  silicate  (commonly  called  water  glass): 
Commercial  sodium  silicate  is  about  a  40  percent  solution. 
It  is  quite  viscous  and  must  be  diluted  with  water  to  secure 
penetration,  the  amount  of  dilution  depending  on  the 
quality  of  the  silicate  and  permeability  of  the  concrete. 
Silicate  of  about  42.5  deg.  Baume  gravity  diluted  in 
proportions  of  1  gal.  with  4  gal.  of  water  makes  a  good 
solution.  Two  or  three  coats  should  be  used.  For  tanks  and 
similar  structures,  progressively  stronger  solutions  are  often 
used  for  the  succeeding  coats. 

Each  coat  should  be  allowed  to  dry  thoroughly  before 
the  next  one  is  applied.  On  horizontal  surfaces  it  may  be 
liberally  poured  on  and  then  spread  evenly  with  mops, 
brooms,  or  brushes.  Scrubbing  each  coat  with  stiff  fiber 
brushes  or  scrubbing  machines  and  water  after  it  has 
hardened  will  assist  penetration  of  the  succeeding  applica¬ 
tion.  The  treatment  increases  resistance  to  attack  from 
some  substances  but  does  not  prevent  such  attack. 

3.  Drying  oils:  Two  or  three  coats  of  linseed,  tune 
(China  wood),  or  soybean  oils  may  be  used  as  a  protective 
treatment.  Boiled  linseed  oil  dries  faster  than  the  raw  oil 

•William  H  Kuenning,  Resistance  of  Portland  Cement  Mortar  to 
Chemical  Attack- A  Pro/tress  Report ,  Bulletin  204.  Research  and 
Development  Laboratories.  Portland  Cement  Association. 


and  is  1 1  lc-  i  Hi  is  I  comiuonlv  used. 

The  concrete  should  he  well  cured  and  at  least  14  days 
old  before  llic  first  application  If  ibis  is  not  possible,  the 
concrete  should  be  neutralized  by  applying  a  solution 
consisting  of  3  oz.  of  zinc  chloride  and  5  oz.  ol  orthophos- 
phoric  acid  (85  percent  phosphoric  acid)  per  gallon  of 
water.  Brushed  on  the  concrete,  the  solution  should  be 
allowed  to  dry  for  48  hours  and  then  any  crystals  that  have 
fo  med  on  the  surface  should  be  removed  by  light  brushing. 
This  solution  should  not  be  used  on  prestressed  concrete. 
Sometimes  a  magnesium  fluosilicate  treatment  is  also 
applied  to  harden  the  surface  before  the  oil  treatment. 

The  oil  treatment  may  be  applied  with  mops,  brushes,  or 
spray  and  the  excess  removed  with  a  squeegee  before  the  oil 
gets  tacky.  It  is  not  necessary  to  build  up  a  heavy  surface 
coating  as  penetration  of  the  oil  into  the  surface  is 
desirable.  Diluting  the  oil  with  turpentine  or  kerosene  up  to 
a  mixture  of  equal  parts  gives  better  penetration  tor  the 
first  coat ,  subsequent  coatings  may  be  diluted  less.  Careful 
heating  of  the  oil  to  150  deg.  F.  or  so  and  hot  application 
to  a  warm  surface  are  also  helpful  in  securing  better 
penetration.  Each  coat  must  dry  thoroughly  for  at  least  24 
hours  before  the  next  application.  Drying  oils  tend  to 
darken  the  concrete. 

4.  Coumarone-indene:  Available  in  grades  from  dark 
brown  to  colorless,  this  synthetic  resin  is  soluble  in  xylol 
and  similar  hydrocarbon  solvents  and  should  be  powdered  to 
aid  dissolving.  A  solution  consisting  of  about  6  lb.  of 
coumarone-indene  per  gallon  of  xylol  with  'A  pint  of  boiled 
linseed  oil  makes  a  good  coating.  Two  or  more  coats  should 
be  applied  to  fairly  dry  concrete.  The  coatings  have  a 
tendency  to  yellow  on  exposure  to  sunlight  but  this 
yellowing  does  not  seem  to  affect  the  protective  properties. 

5.  Styrene-butadiene:  Styrene-butadiene  copolymer  res¬ 
ins  are  supplied  in  various  medium-strength  solvents,  some 
faster  drying  than  others.  Three  coats  arc  generally  reconv 
mended,  with  the  first  coat  thinned  for  better  penetration. 
Twenty-four  hours  should  elapse  between  coats,  and  a 
delay  of  7  days  is  necessary  for  thorough  drying  before  the 
coated  surface  is  placed  in  service.  These  coatings  tend  to 
yellow  under  the  influence  of  sunlight. 

Decorative  styrene-butadiene  coatings  are  widely  mar¬ 
keted  as  latex  paints.  They  are  usually  not  satisfactory  for 
protection  against  chemical  attack  because  latex  paints 
generally  do  not  form  sufficiently  impermeable  films. 

6.  Chlorinated  rubber:  This  treatment  consists  of  a 
trowel-applied  or  sprayed  coat  of  heavy  consistency  mastic 
up  to  1/8  in.  thick,  or  multiple  coats  brushed  or  sprayed  on 
to  a  thickness  of  up  to  10  mils.  A  minimum  of  5  mils  is 
recommended  for  chemical  exposure.  A  single  brush  coat 
will  vary  from  about  1  to  2  mils,  depending  on  consistency, 
while  a  single  spray  coat  usually  varies  from  0.7  to  1.0  mils. 

In  general,  concrete  should  age  for  two  months  before 
treatment.  The  concrete  may  be  damp  but  not  wet,  as 
excessive  moisture  may  prevent  adequate  bond.  It  is  usually 
necessary  to  thin  the  first  coat,  using  only  the  producer's 
recommended  thinner  (other  tlunners  may  be  incompat¬ 
ible).  A  coating  dries  tack-free  in  an  hour,  but  a  48-hour 
delay  is  recommended  between  coats. 

This  treatment  is  odorless,  tasteless,  and  nontoxic.  Its 
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strong  solvents,  however,  may  lilt  and  destroy  previously 
painted  and  aged  coatings  of  oil  or  alkyd  base. 

7.  Clilorosuifonated  polyethylene  (Hypalon):Four  coats 
ol  about  2  mils  each  and  an  appropriate  primer  are 
normally  recommended  to  eliminate  pinholes.  Thinning  'S 
not  usually  required,  but  to  reduce  viscosity  for  spray 
application  the  producer’s  recommended  thinner  should  be 
used  up  to  a  limit  of  10  percent.  Each  coat  dries  dust-free 
within  10  to  20  minutes  and  the  treatment  cures  com¬ 
pletely  in  30  days  at  70  deg.  F.  and  50  percent  relative 
humidity.  A  fill  coat  of  grout  or  mortar  is  required  as  the 
paint  film  will  not  bridge  voids  in  the  concrete  surface. 
Moisture  on  the  surface  may  prevent  good  adhesion. 

These  coatings  are  high  in  material  cost  and  require 
trained  applicators.  They  are  not  used  where  less  expensive 
coatings  are  adequate. 

8.  Vinyls:  Of  the  vinyls  available,  polyvinyl  chloride, 
polyvinyl  chloride-acetate,  and  polyvinylidene  chloride  are 
the  ones  used  extensively  in  corrosion  control.  The  resins 
are  soluble  only  in  strong  solvents.  Due  to  the  high  viscosity 
of  the  resins,  only  solutions  of  low  solids  content  can  be 
made  and  multiple  coats  are  therefore  required  for  ade¬ 
quate  film  thickness.  Vinyls  should  generally  be  applied  to 
dry  surfaces  by  spray  as  their  fast  drying  (30  minutes) 
makes  brush  application  difficult. 

Vinyl  chloride  coatings  make  good  top  coatings  for  vinyl 
chloride-acetate  and  others,  but  they  themselves  do  not 
adhere  well  directly  to  concrete.  Polyvinyl  acetate  latex 
copolymers  are  widely  available  as  decorative  coatings  but, 
like  other  latexes,  they  are  usually  inferior  to  the  solvent- 
system  coatings  for  chemical  resistance. 

9.  Bituminous  paints,  mastics,  and  enamels:  Asphalt  or 
coal  tar  coatings  may  be  applied  cold  (paints  and  mastics  in 
cutback  or  emulsion  form)  or  hot  (mastics  and  enamels). 
Two  coats  are  usually  applied  to  surface-dry  concrete:  a 
thin  priming  coat  to  ensure  bond  and  a  thicker  finish  coat. 
The  priming  solution  is  of  thin  brushing  consistency  and 
should  be  applied  so  as  to  cover  the  surface  completely:  any 
uncoated  spots  should  be  touched  up.  When  the  primer  has 
dried  to  a  tacky  state,  it  is  ready  for  the  finish  coat. 
Multiple  coats  should  be  applied  at  right  angles  to  each 
other  to  secure  continuity  and  avoid  pinholes. 

Emulsions  are  slower  drying,  more  permeable,  and  less 
protective  than  the  other  coatings.  Cutbacks  and  emulsions, 
if  not  completely  cured,  can  impart  odor  or  flavor  to 
materials  with  which  they  are  in  contact.  The  producer’s 
recommendations  on  service  and  application  temperatures 
should  be  strictly  observed. 

Bituminous  mastics  may  be  applied  cold  or  heated  until 
fluid.  Cold  mastics  are  cutbacks  or  emulsions  containing 
finely  powdered  siliceous  mineral  fillers,  asbestos  fibers,  or 
bitumen-coated  fabrics  to  form  a  very  thick,  pasty,  fibrous 
mass.  This  mass  increases  the  coating’s  resistance  to  flowing 
and  sagging  at  elevated  temperatures  and  to  abrasion.  Thin 
mastic  layers,  about  1/32  in.  thick,  are  troweled  on  and 
allowed  to  dry  until  the  required  thickness  has  been 
obtained.  Hot  mastics  usually  consist  of  about  15  percent 
asphaltic  Snder,  20  percent  powdered  filler,  and  the 
remainder  sand,  graded  up  to  ki-in.  maximum  size.  They 


should  be  poured  and  troweled  into  place  in  layers  I  in.  or 
more  in  thickness. 

Enamels  should  be  melted,  stirred,  and  carefully  heated 
until  they  reach  the  required  application  temperature.  If  an 
enamel  is  heated  above  the  producer's  recommended 
temperature,  it  should  be  discarded.  If  application  is 
delayed,  the  pot  temperature  should  not  be  allowed  to 
exceed  375  deg.  F  When  fluid,  it  should  be  applied  quickly 
over  tacky  cutback  primer  as  it  sets  and  hardens  rapidly. 

10.  Polyester:  These  resin  coatings  are  two-  or  three- 
part  systems  consisting  of  polyester,  peroxide  catalyst,  and 
possibly  a  promoter.  The  amount  of  catalyst  must  be 
carefully  controlled  because  it  affects  the  rate  of  hardening. 
The  catalyst  and  promoter  are  mixed  separately  into  the 
polyester.  Fillers,  glass  fabrics,  or  fibers  used  to  reduce 
shrinkage  and  coefficient  of  expansion  compensate  for 
brittleness  of  resin  and  increase  strength. 

Coatings  with  2-  to  3-hour  pot  life  generally  cure  in  24 
to  36  hours  at  75  deg.  F.  Shorter  cure  times  require 
reduced  pot  life  because  of  high  heats  of  reaction.  Coatings 
are  sensitive  to  changes  in  temperature  and  humidity  during 
the  curing  period.  Some  coatings  can  be  applied  to  damp 
surfaces  and  at  temperatures  as  low  as  50  deg.  F.  The  alkali 
resistance  of  some  polyesters  is  limited  It  is  recommended 
that  trained  applicators  apply  the  coatings. 

11.  Urethane:  These  coatings  may  be  one-  or  two-part 
systems.  There  are  two  types  of  the  one-part  system: 
moisture-cured  and  oil-modified.  The  coatings  that  cure  by 
reacting  with  moisture  in  the  air  must  be  used  on  dry 
surfaces  to  prevent  blistering  during  the  curing  period. 
Oil-modified  coatings  dry  by  air  oxidation  and  generally 
have  the  lowest  chemical  resistance  of  the  urethane 
coatings. 

Two  type'-  of  the  two-part  system  are  also  available: 
catalyzed  and  polyol-cured.  Catalyzed  coatings  have  limited 
pot  life  after  mixing  and  cure  rapidly.  For  polyol-cured 
coatings,  the  mixture  is  well  stirred  and  allowed  to  stand 
for  about  15  hour  before  use.  it  should  have  a  pot  life  of 
about  8  hours.  Polyol-sured  coatings  arc  the  most  chemi¬ 
cally  resistant  of  the  urethane  coatings  but  require  the 
greatest  care  in  application. 

All  urethane  coatings  are  easily  applied  by  brush,  spray, 
or  roller.  For  immersion  service  in  water  and  aqueous 
solutions,  it  may  be  necessary  to  use  a  primer  and  the 
urethane  producer  should  be  consulted.  Satisfactory  cure 
rates  will  be  attained  at  relative  humidities  of  30  to  90 
percent  and  temperatures  between  50  and  100  deg.  F. 
Lower  temperatures  will  retard  rate  of  cure. 

The  principal  disadvantages  of  urethane  coatmgs  are  the 
very  careful  surface  preparation  needed  to  ensure  adhesion 
and  the  difficulty  in  recoating  unless  the  coating  is  sanded 
Multiple  coats  should  be  used  and  an  inert  filler  added  if  air 
voids  arc  present  on  the  concrete  surfaces  (the  coatings  are 
unable  to  span  air  voids) 

12.  Epoxy:  These  coatings  are  generally  a  two-package 
system  consisting  of  epoxy  resm-which  may  be  formulated 
with  flexibilizers,  extenders,  diluents,  and  fillers-and  a 
curing  agent  The  coating  properties  are  dependent  on  the 
type  and  amount  of  curing  agent  used.  The  common  curing 


agents  suitable  foi  ui  mi  tenipctaluie  curing  arc  amines, 
polyaniincs,  .mime  adducts,  polyamides,  polysullides.  and 
Icilury  amines 

The  single-package  dialings  are  epoxy  esters  llial  are 
ft  generally  interior  to  the  two-package  epoxies  in  chemical 

resistance.  They  require  an  alkali-resistant  primer  and  are 
not  recommended  for  immersion  service.  Some  epoxy 
formulations  are  100  percent  solids  and  others  are  solution 
coatings.  The  formulator's  recommendations  should  be 
followed  in  selecting  the  system  for  desired  protection. 

It  is  also  desirable  to  follow  the  formulator's  recommen- 
®  dations  for  the  best  application  procedures,  temperatures, 

and  allowable  working  life.  Generally,  three  coats  must  be 
applied  to  eliminate  pinholes;  glass  flake  to  bridge  the 
pinholes  may  also  be  used.  Contact  with  epoxy  resins  or 
hardeners  can  cause  skin  irritation  or  allergic  reactions,  and 
proper  protection  is  necessary. 

f  Epoxy  liners  may  be  formed  with  reinforcement  such  as 

woven  fabrics,  mats,  or  chopped  glass  fiber.  For  example, 
on  concrete  that  may  undergo  thennal  movements,  an 
isolation  layer  of  two-component  polysulfide  joint  sealant 
of  the  self-leveling  type  is  troweled  over  the  surface  to  form 
a  I /32-in. -thick  layer  of  synthetic  rubber.  As  soon  as  the 
rubber  has  cured,  the  epoxy  coating  is  applied  with  a  roller 
to  a  film  thickness  of  9  or  10  mils.  Then  fiber  glass  cloth  is 
spread  over  the  wet  epoxy  coating  and  pressed  into  it.  A 
second  epoxy  coating  is  applied  immediately  to  embed  the 
fiber  glass. 

13.  Neoprene:  These  coatings  may  be  one-  or  two-part 
systems.  The  one-part  system  is  used  as  a  thinner  film  than 

^  the  two-part  and  generally  has  a  lower  chemical  resistance. 

It  cures  slowly  at  room  temperature  and  some  curing  agents 
may  limit  its  shelf  life.  The  two-part  system  may  require  a 
holding  period  between  mixing  and  application. 

Application  of  either  system  should  not  begin  for  at 
least  10  days  after  removal  of  the  forms  to  allow 
evaporation  of  water  from  the  concrete.  Some  coatings 
require  primers  while  others  are  designed  to  be  self-priming. 
Adhesion  is  often  improved  by  application  of  a  diluted  first 
coat  to  increase  penetration  of  the  surface.  Each  coat 
should  be  sufficiently  solvent-dry  before  the  next  applica¬ 
tion:  however,  if  it  becomes  too  fully  cured,  it  may  swell 
and  lose  adhesion.  Three  coats  of  2  to  3  mils  each  are 
•  normally  recommended  to  eliminate  the  possibility  of 

pinholes.  For  immersion  service,  minimum  dry  thickness 
should  be  20  mils. 

14.  Polysulfide:  These  coatings  may  be  one-  or  two- 
part  systems.  They  do  not  harden  with  age  and  they  remain 
rubbery  over  a  broad  temperature  range.  Thick  coats  of  20 

1  to  25  mils  can  be  applied  at  one  time.  For  the  one-part 

system,  atmospheric  moisture  serves  as  the  curing  agent; 
when  humidities  are  low,  curing  can  be  hastened  by 
spraying  with  a  fine  water  mist.  The  two-part  system 
usually  has  a  pot  life  of  30  to  45  minutes  and  becomes 
tack-free  overnight. 

15.  Coaltar-epoxy:  Coal  tar-epoxy  coatings  are  classi¬ 
fied  in  three  main  types  according  to  epoxy  resin  content: 
high-resin  coatings  for  dry  thicknesses  of  15  mils;  medium- 
resin  coatings  for  integral  linings  of  concrete  pipe;  and 


low-rosm  coatings  hu  building  nonsagging  barriers  up  to  40 

mils  thick.  The  lust  t y j>c  requires  a  special  primer  and  its 

thickness  is  achieved  in  two  coats  The  other  types  do  not 

require  primers  and  may  be  applied, in  a  single  coat,  but 

they  require  relatively  long  cure  tune.  Some  coal  tar-epoxy 

resin  coatings  are  catalylically  eured-with  a  hardener,  or  * 

with  both  hardener  and  catalyst. 

Coal  tar-epoxy  coatings  are  a  two-package  system.  A 
combination  of  coal  tar,  filler,  solvent,  and  epoxy  resin  may 
be  in  one  package  and  the  curing  agent  (commonly  amines, 
polyammes,  amine  adducts,  polyamides,  or  tertiary  amines) 
in  the  other.  These  two  packages  are  usually  mixed  in  a  ^ 

ratio  of  20:1  or  10:1,  but  the  ratio  may  be  lower.  The  coal 
tar,  filler,  solvent,  and  curing  agent  may  also  be  blended 
together  to  make  up  one  package  and  the  epoxy  resin  kept 
separate  for  the  other  package.  These  two  packages  are 
generally  mixed  in  a  ratio  of  3:1.  The  packages  must  be 
proportioned  correctly  to  secure  proper  cure  and  chemical 
resistance.  Storage  life  of  the  blends  cart  vary  from  six  ► 

months  to  two  years,  depending  on  formulation. 

It  is  important  that  the  two  packages  be  thoroughly 
mixed,  and  power  agitation  is  strongly  recommended. 

Mixing  small  quantities  is  not  recommended.  Insufficient 
mixing  will  be  revealed  only  after  the  coating  has  cured. 

For  some  coatings,  a  ‘/i-hour  waiting  period  between  mixing  ^ 

and  application  is  desired.  Pot  life  is  generally  3  to  4  hours 
at  70  deg.  F..  but  it  may  vary  from  several  minutes  to  X 
hours,  depending  on  solvent  content  and  formulation. 

Coal  tar-epoxy  coatings  should  not  be  applied  at 
temperatures  below  50  deg.  F.  or  when  danger  exists  of 
their  becoming  wet  within  24  hours  of  application.  Spray 
applications  generally  result  in  better  coverage.  However.  * 

the  sides  of  a  short,  stiff  bristle  brush  or  a  long  nap  roller 
may  be  used.  The  second  coat  should  be  applied  within  48 
hours  to  prevent  adhesion  problems  between  coats.  These 
coatings  should  not  be  put  into  service  until  a  minimum  of 
5  days’  curing  time  has  been  allowed. 

16.  Chemical-resistant  masonry  units  and  mortars:  9 

Three  basic  types  of  chemical-resistant  masonry  units  are 
available:  Type  H  brick,  generally  fire-clay :  Type  L  brick, 
generally  shale;  and  carbon  and  graphite  brick,  intended  for 
use  where  additional  chemical  resistance  is  required.  Types 
H  and  L  brick  should  conform  to  Standard  Specifications 
for  Chemical-Resistant  Masonry  Units  (ASTM  C279). 

Brick  thickness  generally  varies  from  114  to  3)4  In.,  * 

depending  upon  seventy  of  service.  Brick  surfaces  should  be 
scored  or  wire-cut  (matt  texture).  The  brick  must,  of 
course,  be  laid  in  mortar  that  is  also  resistant  against  the 
substance  to  which  they  are  to  be  exposed. 

The  chemical  resistance  of  mortars  may  be  evaluated  by 
Standard  Method  of  Test  for  Chemical  Resistance  of  9 

Mortars  (ASTM  C267).  The  more  commonly  used  chemical- 
resistant  mortars  may  also  be  used  alone ,  without  masonry 
units,  to  form  thick  coatings-usually  applied  by  trowel. 

These  mortars  arc  . 

a.  Asphaltic  and  bituminous  mortars-supphed  for  use 

over  a  limited  range  of  low  temperatures.  Some  are  9 

sand-filled  and  some  are  not.  They  may  be  applied 
either  as  mastics  that  depend  upon  evaporation  of 
solvent  or  as  hot-melt  compounds. 


S 


I>.  Fpow  resin  mortars  two  m  thicc-pail  systems  with 
cithci  .inline  01  polyamide  cm  inn  agents,  they  should 
eonloim  to  Stainlaid  Specifications  loi  Chemical- 
Kesislanl  Kesin  Mortars  (ASTM  C3')5)oi  Spccifica- 
lion  lor  Kesin  ('lieinieal-Resistanl  (irouts  (ASTM 
C65K).  l;or  then  use.  see  the  Recommeiuled  Practice 
lor  Use  ol  Chemical-Resistant  Resin  Mortars  (ASTM 
1'3<W>. 

c.  Furan  resin  mortars  should  conform  to  ASTM  C3l)5 
or  ('658.  They  require  a  primer  to  ensure  satisfactory 
adhesion  to  concrete.  For  their  use,  see  ASTM  ('399. 

d.  Hydraulic  cement  mortars  lor  their  use,  see  the 
Recommended  Practice  for  Use  of  Hydraulic  Cement 
Mortars  in  Chemical-Resistant  Masonry  (ASTM 
e  3»8). 

e.  Phenolic  resin  mortars  should  conform  to  ASTM 
0)5  For  their  use,  see  ASTM  C 399. 

f.  Polyester  resin  mortars  should  conform  to  ASTM 
C3l>5.  They  are  limited  in  resistance  to  strong  chemi¬ 
cals  hut  will  withstand  mildly  oxidizing  solutions  such 
as  bleaches.  For  their  use.  see  ASTM  C399. 

g.  Silicate  mortars  -should  conform  to  Standard  Specifi¬ 
cations  for  Chemically  Setting  Silicate  and  Silica 
Chemical-Resistant  Mortars  (ASTM  C466).  For  their 
use.  see  the  Recommended  Practice  for  Use  of 
Chemically  Setting  Chemical-Resistant  Silicate  and 
Silica  Mortars  (ASTM  C397). 

h.  Sulfur  mortars  should  conform  to  Standard  Specifi¬ 
cations  for  Chemical-Resistant  Sulfur  Mortar  (ASTM 
C  287).  For  their  use,  see  the  Recommended  Practice 
lor  Use  of  Chemical-Resistant  Sulfur  Mortars  (ASTM 
C  386). 

A  bed  of  mortar  and  an  impervious  membrane  lining  are 
usually  placed  between  the  masonry  lining  and  concrete. 
Rubber  and  vinyl  sheets  or  properly  primed  and  hot-applied 
3/8-in. -thick  asphaltic  materials,  both  plain  and  glass-cloth- 
rcin forced,  are  preferred  for  the  membrane  lining,  depend¬ 
ing  on  the  corrosive  substance.  The  primer  should  conform 
to  Standard  Specifications  for  Primer  for  Use  with  Asphalt 


in  Damppiooling  and  Watctpinnluig  (  ASTM  1)41  ).  except 
that  the  asphalt  content  should  he  not  less  than  35  percent 
by  weight.  I  looi  slabs  that  aie  to  icceive  a  masonry  lining 
should  have  a  smooth  wood-lloal  finish.  A  slab  having  a 
steel-trowel  finish  may  be  too  smooth  for  adhesion  of  the 
asphaltic  membrane 

17.  Sheet  rubber:  Soft  natural  and  synthetic  rubber 
sheets  l/H  to  1/2  in.  thick  may  be  cemented  to  concrete 
with  special  adhesives.  Sometimes  two  layers  of  soft  rubber 
are  used  as  a  base,  with  a  single  layer  of  hard  rubber  over 
them. 

Chemical-resistant  synthetics  available  as  sheeting  are 
neoprene,  polyvmyltdene  chloride-acrylonitrile,  plasticized 
polyvinyl  chloride,  polyisobutylcne.  butyl,  nitrile,  poly- 
suitidc.and  chlorosultonated  polyethylene  rubbers. 

18.  Resin  sheets:  Synthetic  resins,  particularly  polyester, 
epoxy,  and  polyvinyl  chloride,  are  available  as  sheet  mate¬ 
rials.  These  sheets  are  nut  referred  to  in  the  tables  but  mav 
be  used  wherever  comparable  resin  coatings  are  recom¬ 
mended  Frequently  glass-fiber-reinforced,  they  may  be 
cemented  to  concrete  with  special  adhesives. 

19.  Lead  sheet:  In  the  United  States,  lead  sheet  used  for 
chemical  resistance  is  called  "chemical  lead  "  The  sheets 
should  be  as  large  as  possible  (to  minimize  the  number  of 
joints)  but  not  too  heavy  to  handle  -up  to  8x20  ft.  for  the 
thinnest.  Thicknesses  range  from  1/64  to  1/2  in.  Lead  may 
be  cemented  to  concrete  with  an  asphaltic  paint,  tach  sheet 
should  be  overlapped  and  the  seam  welded  by  conventional 
Jead-burning  techniques.  It  the  lead  is  to  be  subjected  to 
high  temperatures,  it  may  be  covered  with  chemical-resist¬ 
ant  masonry  to  reduce  thermal  stresses. 

20.  Glass:  Two  types  have  been  used  for  corrosion 
resistance:  high-silica  glass  and  borosilicate  glass.  Borostli 
cate  glass,  the  more  alkali-resistant  material,  is  recom¬ 
mended  because  alkalies  in  concrete  may  cause  glass 
etching.  Glass  may  be  cemented  to  the  concrete.  Thermal 
shock  is  often  a  cause  of  failure  in  glass-lined  structures. 
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Guide  for  the  Selection  of  Protective  Treatments 

Adapted  I'mm  repot  I  of  Auieriean  Concrete  Itrsl  it  me  Cominiitee 
51''.  "Guide  for  the  Protection  of  Concrete  Against  Chemical 
Attack  by  Means  of  Coatings  and  Otliei  Corrosion-Resistant 
Materials.”  AO  I'rann/mp.  Vo)  (>C  December  Obb.  pages 
I  305- 1 .V) I .  f  ootnotes  appear  at  the  end  ol  each  table. 


ACIDS 


Material 

Effect  on  concrete 

Protective  treatments 

Acetic 

<10% 

Slow  disintegration 

1.  2.  9.  10,  12.  14, 

16  (b.  c,  e,  f.  g,  h) 

30% 

Slow  disintegration 

9.  10.  14.  16  lc.  e.  f. 

1  00%  (glacial) 

Slow  disintegration 

9.  16  (e.  g) 

Acid  waters 

Slow  disintegration. •  Natural 

1.  2.  3.  6,  8,  9,  10. 

(  pH  of  6.5  or 

acid  waters  may  erode  surface  11,  12,  13,  16  (b,  c, 

less) 

mortar  but  then  action  usually  e,  f,  g.  h),  1  7 

stops 

Arsenious 

None 

Boric 

Negligible  effect 

2.  6,  7,  8,  9,  10,  12. 
13.  15,  16  (b.  c,  e.  f, 

g,  h).  1  7.  19 

Butyric 

Slow  disintegration 

3.  4.  8,  9.  10.  1  2.  16 
(b.  c,  e.  f) 

Carbolic 

Slow  disintegration 

1.  2,  16  <c,  e.  g).  1  7 

Carbonic  (soda 

0  9  to  3  ppm  of  carbon 

2.  3,  4.  8.  9.  10,  12. 

water) 

dioxide  dissolved  in  natural 

13.  15.  16  (b.  c.  e.  f. 

waters  disintegrates  concrete 
slowly 

h).  17 

Chromic: 

5% 

None  * 

2.  6.  7.  8,  9.  10.  16 
(f.  g.  h).  19 

50% 

None* 

16  (g).  19 

Formic: 

10% 

Slow  disintegration 

2.  5.  6.  7.  12.  13.  16 
(b.  C,  e.  g).  1  7 

90% 

Slow  disintegration 

2.  7.  13.  16  (c.  e,  g), 

1  7 

Humic 

Slow  disintegration  possible. 

1.  2.  3.  9.  12.  15,  16 

depending  on  humus  material 

l  (b.  c.  e) 

Hydrochloric: 

10% 

Rapid  disintegration,  including  2.  5,  6.  7,  8.  9.  10, 

steel 

12,  14,  16  (b.  c.  e, 
f.  g.  h).  17.  19,  20 

37% 

Rapid  disintegration,  including  5,  6,  8,  9,  10,  16  (c. 

steef 

e.  f.  g.  ft) 

Hydrofluoric: 

10% 

napid  disintegration,  including  5,  6,  7,  8,  9,  12,  16 

steel 

(carbon  and  graphite 
brick;  b,  c.  e,  h),  17 

75% 

Rapid  disintegration,  including  16  (carbon  and 

steel 

graphite  brick ;  e.  h). 

1  7 

Hypochlorous, 

10% 

Slow  disintegration 

5.  8.  9.  10,  16  (f,  g) 

Lactic,  5% 

Slow  disintegration 

3.  4.  5.  7,  8.  9.  10, 

11.  12,  13,  15,  16 
(b.  c,  e.  f,  g.  h),  1  7 

Nitric: 

2% 

Rapid  disintegration 

6.  8,  9.  10.  13,  16 
<f.  g.  6).  20 

40% 

Rapid  disintegration 

B.  16  (g) 

Oleic.  100% 

None 

Oxalic 

No  disintegration.  It  protects 
concrete  against  acetic  acid, 

carbon  dioxide,  and  salt  water. 

POISONOUS,  it  must  not  be 
used  on  concrete  in  contact 
with  food  or  drinking  water. 

Perchloric.  1 0% 

Disintegration 

8.  10,  16  (e.  f.  g,  h) 

Phosi  iluti 

1 0% 


85"'.. 


Stearic 


Sulfuric . 
10% 


1  1  0% 

( oleum) 

Sulfurous 


T  annic 


Slow  iiismteqration 

Rapid  tlisintegration 

Rap«d  disintegration 

Disintegration 
Rapid  disintegration 

Slow  disintegration 


T  artaric. 

solution 


None.  See  wine  under 
'Miscellaneous. " 


• 

1 .  2.  3.  5.  G,  7.  8  ‘J. 

10.  It.  12  13.  14. 

15.  16  ll).  r,  I1.  I.  1 
h).  17.19 
1 .  2.  3.  5.  ?.  8.  9. 

10.  13.  14.  15,  16 
(c,  e,  f.  g.  td.  17  19 

b.  6.  8.  9.  10.  11. 

12,  13.  15.  16  lb.  c.  • 

e.  f,  g.  h),  17 


5.  6,  7.  8.  9.  10.  1  2. 
13.  14.  15.  16  (b.  c. 
e.  f.  g.  h),  17,  19,  20 
16  (g).  19 


6.  7.  9,  1  1.  12,  13. 

16  (b.  c.  e.  h),  19,  • 

20 

I,  2.  3.  6.  7,  8.  9. 

II.  12,  13.  16  lb.  c.  e. 
g).  1  7 


•In  porous  or  cracked  concrete,  it  attacks  steel.  Steel  corrosion  may 
cause  concrete  to  spall 


SALTS  AND  ALKALIES  (SOLUTIONS)’ 

Material 

Effect  on  concrete 

Protective  treatments 

e 

Bicarbonate: 

Ammonium  1 
Sodium  1 

None 

Bisulfate 

Ammoni¬ 
um*  * 
Sodium 

Disintegration 

5.  6,  7.  8.  9.  10.  1  1. 

12.  13.  14,  15.  16 
(b.  c.  e.  f.  h),  1  7 

Bisulfite: 

Sodium 

Disintegration 

5.  6.  7.  8,  9.  10.  12. 

13.  1  6  (  b,  c.  e,  f.  h) , 

1  7 

e 

Calcium 

(sulfite 

solution) 

Rapid  disintegration 

7.  8.  9.  10.  12.  13. 

16  (b.  c.  e.  t.  h),  1  7 

Bromide, 

sodium 

Slow  disintegration 

1.  2.  5.  6.  7.  8.  9. 

10.  11.  12.  13.  14. 

1  6  ( b.  c.  e.  f,  h).  1  7 

e 

Carbonate 

Ammonium  1 
Potassium 
Sodium  1 

None 

Chlorate, 

sodium 

Slow  disintegration 

1.  4.  6.  7.  8.  9.  10. 

16  (f.  g.  h|,  T  7.  19 

Chloride 

Calciumt 

Potassium 

Sodiumt 

Strontium 

None,  unless  concrete  is 
alternately  wet  and  dry 
with  the  solution*  * 

’,3,  4,  5.  6.  7.  8.  9. 

10.  11.  12.  13.  15. 

1  6  ( b,  c.  e,  f.  g.  h). 

1  7 

e 

Ammonium 

Copper 

Ferric  (iron) 

Ferrous 

Magnesium 

Mercuric 

Mercurous 

Zinc 

Slow  disintegration*  • 

1.  3.  4.  5.  6.  7  8.  9. 

10.  11.  12.  13,  15. 

16  (b.  c.  <?.  f .  g.  h), 

1  7 

_• 

Aluminum 

Rapid  disintegration  •  • 

1.  3.  4,  5.  6.  7.  8.  9. 

10.  11.  12.  13.  15. 

1 6  ( b.  c ,  e.  f .  h) ,  17 

Chromate. 

sodium 

None 

Cyanide: 

Ammonium  1 
Potassium 
Sodium  1 

Slow  disintegration 

7.  8.  9.  12.  13,  16 
(b.  c).  1  7 

e 

7 
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Our  site  is  a  permitted,  full  service  waste 
disposal  facility  located  in  Northern 
Santa  Barbara  County.  Locally  owned 
and  operated,  we  have  been  in  the 
business  o:  providing  responsible  was;: 
management  to  communities  and 
industry  since 


Why  is  our  site  ideally 
suited  for  hazardous  waste 
disposal? 


It  is  located  in  an  area  known  for  its 
unsurpassed  geological  integrity.  Site 
selection  was  based  on  the  availability 
of  impermeable  formations  underlying 
the  site,  the  lack  of  groundwater  and  its 
remoteness  from  populated  areas.  The 
operational  area  is  surrounded  by  an 
extensive  company  owned  buffer  zone 
of  4,300  acres. 


A  wide  spectrum  of  chemical,  industrial  and 
municipal  waste  is  expertly  handled  by  a  qualified 
technical  staff.  Waste  can  be  identified  in  an  on-site 
analytical  laboratory  insuring  compatible 
segregation. 


Containerized  wastes  are  segregated  by 
compatibility  group  and  landfilled  in 
appropriate  burial  cells 


Gravitational  separation  and  clanfication  basins 
are  designed  for  liqu  d  waste  treatment  and 
ultimate  disposal 


Yes.  Because  of  the  large  amount  of  oil  field  waste 
received,  an  oil  reclamation  program  has  oeen 
implemented.  In  addition,  other  waste  material 
recovery  processes  are  in  review  and  installation  of 
the  required  processing  facilities  is  planned  in  the 
near  future. 


We  operate  a  transportation  program  tailored  to 
meet  the  needs  of  our  customers  on  a  regional 
basis.  We  are  licensed  by  the  State  of  California 
as  a  hazardous  waste  hauler  and  operate  in 
accordance  with  all  Department  of  Transportation 
regulations. 


Do  personnel  receive  special 
training? . 


An  intensive  formalized  instruction 
program  in  hazardous  waste 
management  is  required  of  all 
employees  to  guarantee  the  safe 
operation  of  the  facility. 


Each  employee  participates  in  on-going  traini 
programs  in  hazardous  waste  management 
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Composition  of  wastes  is  verified  by  modern 
analytical  equipment  in  an  on-site  laboratory 


A  complete  burial  record  is  kept  for  each  load  of 
waste  placed  in  a  landfill  area. 


Monitoring  wells  are  located  throughout  the  site 
and  the  surrounding  area.  Water  sampling  is  done 
routinely  and  analytical  studies  are  performed  by 
an  independent  testing  laboratory.  Additionally, 
numerous  local,  state  and  federal  agencies  monitor 
the  facility  on  a  regular  basis. 
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SILICA  REDUCTION  BY  COLD  LIME  SOFTENING 
REVERSE  OSMOSIS  PRETREATMENT  LAB  STUDY 


Summary 

Laboratory  tests  were  conducted  on  a  well  water  sample  from  Tolk  Station  to 
confirm  the  reduction  of  silica  from  60  to  less  than  10  mg/1  SiO?  by  cold  lime 
softening  as  indicated  by  customer  tests.  Silt  Density  Index  (SOI)  measurements 
were  then  made  on  the  cold  process  effluent,  the  proposed  feed  to  the-Permutit 
membrane  system.  Using  zeta  potential  readings,  an  optimum  coagulant  dosage  was 
found  for  reducing  the  SO Ii 5  from  6.5  to  1.4. 

Cold  lime  softening  jar  tests  showed  that  the  silica  could  be  reduced  to  less 
than  10  mg/1  Si O2  if  sufficient  lime  was  added  to  obtain  a  pH  of  at  least  10.5 
and  a  sludge  blanket  was  maintained.  However,  caution  must  be  exercised  not  to 
optimize  the  silica  reduction  (5  mg/1  Si O2)  by  overdosing  lime  since  calcium 
will  be  put  back  into  solution,  thus  nullifying  the  effect  of  softening  (Table  1, 
Figures  1,  2,  3). 

In  order  to  simulate  the  in-line  coagulation  to  be  used  as  pretreatment  in  the 
Permutit  system,  the  SDIi5  of  the  acid  stabilized  cold  lime  effluent  was  reduced 
from  6.5  to  1.4  by  coagulation  with  Magnifloc  573  followed  by  filtration  through 
8.0  pm  filter  (8.0  pm  Millipore  filter  is  used  to  simulate  a  sand  filter).  Zeta 
potential  measurements  showed  0.8  mg/1  to  be  the  optimum  coagulant  dosage  for 
Magnifloc  573C.  No  other  coagulants  were  investigated.  Filtering  the  cold  lime 
effluent  without  adding  a  coagulant  aid  did  not  substantially  alter  the  sample 
or  the  SDI^g  (Table  3,  4,  and  5). 


Introduction 

The  well  water  was  received  to  determine  if  the  silica  could  be  reduced  to  less 
than  10  mg/1  Si02  by  cold  lime  softening.  To  determine  the  optimum  conditions 
for  silica  removal,  jar  tests  were  run  and  the  effluent  analyzed  for  alkalinity, 
silica,  calcium,  magnesium,  and  pH.  Parameters  investigated  included  sludge 
blanket  volume,  temperature,  and  lime  dosage.  An  initial  8  volumes  of  sample 
were  softened  in  order  to  generate  the  sludge  blanket  for  one  volume  in  the 
final  jar  test.  In  both  cases  an  anionic  polyelectrolyte  of  high  molecular 
weight  was  added  as  a  flocculant.  Both  unfiltered  and  samples  filtered  through 
0.1  pm  and  8.0  pm  Millipore  filters  were  collected  on  the* resulting  effluents 
(with  and  without  sludge  blankets). 

Zeta  potentials  were  measured  on  the  raw  water  and  the  acid  stabilized  cold 
lime  effluent.  The  optimum  coagulant  system  required  to  reduce  the  zeta  po¬ 
tential  to  near  zero  was  found.  The  optimum  coagulant  dosage  was  added  to  the 
sample  followed  by  filtration  through  an  8.0  pm  Millipore  filter  to  simulate 
sand  filtration. 
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Silt  Density  Indices  for  15  minutes  were  measured  of  the  raw  sample,  the  cold 
lime  effluent  (pH  8.5),  8.0  ym  filtrate  of  the  cold  lime  effluent  (pH  8.3),  and 
the  coagulated  and  filtered  effluent.  The  limited  sample  volume  remaining  after 
completing  the  cold  lime  softening  studies  required  the  use  of  a  smaller  filter 
for  SDI  determinations.  Thus,  a  13  mm  diameter  filter  replaced  the  conventionally 
used  47  mm  filter  and  the  effluent  volume  collected  was  reduced  proportional  to 
the  filter  surface  area  reduction. 


Results 

•  Cold  lime  softening  jar  tests 

The  removal  of  silica  is  dependent  on  several  variables  including  pH,  tempera - 

.  ture,  sludge  blanket  and  magnesium  removal.  Table  1  summarizes  the  relationship 
of  these  parameters.  As  can  be  seen  in  Figure  1  of  pH  vs  effluent  concentration, 
the  silica  is  reduced  almost  linearly  with  pH  until  pH  10.7  where  a  minimum  is 
reached  (T  =  62°F,  with  sludge  blanket).  The  lowest  possible  pH  should  be  used 
since,  as  seen  in  Figure  2,  an  increase  in  pH  after  pH  10.4  will  add  calcium  to 
the  solution.  Since  silica  is  removed  by  adsorbing  to  the  Mg(0H)2  precipitate, 
to  effectively  reduce  the  silica  from  60  mg/1  SiO?  in  the  raw  water  to  less  than 
10  mg/1  Si02,  a  larger  lime  dosage  than  the  stoichiometric  dosage  for  alkalinity 
removal  is  required  (see  analysis  of  raw  water.  Table  6).  The  excess  lime  dosage 
removes  the  magnesium  at  the  expense  of  adding  calcium  hydroxide  hardness.  Figure 
3  shows  the  relationship  between  magnesium  removal  and  silica  removal.  This  shows 
that  in  order  to  remove  50  mg/1  $102  at  62°F,  162  mg/1  (as  CaC03)  of  magnesium 
^  must  also  be  removed.  V  *  &  . 

Table  2  shows  the  effect  of  the  sludge  blanket  on  silica  removal.  Samples  A 
and  B  were  run  at  similar  pH  with  sample  B  having  100  ml/1  (8vol.:l  vol.)  of 
the  precipitate  formed  in  Step  1,  and  sample  A  having  no  sludge  blanket.  As 
can  be  seen  from  the  analysis,  the  silica  was  reduced  to  6  mg/1  SiO?  in  B  and 
24  mg/1  Si02  in  A.  The  floe  formed  in  Step  A  was  very  small  and  did  not  settle 
completely.  The  addition  of  the  sludge  blanket  to  Test  B  created  a  much  larger 
floe  which  settled  rapidly. 

Temperature  also  affects  the  efficiency  of  the  silica  removal  (Table  3).  Increas¬ 
ing  the  temperature  from  62  to  69°F  increases  the  silica  removal  efficiency  by 
10-16%,  depending  on  the  pH. 


•  Filter  vs  non-filtered  analysis 

Measuring  the  Ca,  Mg,  and  Si02  content  of  the  cold  lime  softened  effluent, 
both  unfiltered  and  filtered  through  a  0.1  ym  Mi  Hi  pore.  Is  a  method  used  to 
determine  the  ratio  of  the  dissolved  (0.1  ym  filtrate)  vs  the  total  (non-filtered) 
constituents.  Table  4  showed  typical  results  from  filtration  of  the  second 
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step  of  the  jar  test.  The  calcium,  magnesium,  and  silica  concentrations  re-  * 

mained  unchanged  by  filtration.  Since  the  influent  to  the  Permutit  system 

will  be  acid  stabilized,  the  jar  test  effluents  were  also  first  pH  adjusted 

to  8.3  with  H2S04  followed  by  filtration  and  analyses.  This  analysis  shows 

the  cold  lime  effluent  pH  adjusted  then  filtered,  to  be  insignificantly  lower 

in  all  concentrations  than  those  filtered  prior  to  pH  adjustment.  As  with  the 

pH  10.4  sample,  the  acid  stabilized  samples  did  not  show  a  significant  change  1 

in  analysis  for  Ca,  Mg,  or  Si02  due  to  filtration  of  the  sample. 

•  Zeta  potentials 

Zeta  potentials  are  a  measurement  of  the  effective  charge  on  particles.  Zeta 
potential  measurements  showed  the  raw  water  to  have  a  zeta  potential  of  -16  mv  * 

while  the  cold  lime  effluent  was  -22  mv.  The  successive  addition  of  cationic 

.  polymer  to  the  cold  lime  effluent  will  reduce  the  zeta  potential  to  zero  and 
eventually  reverse  it  to  a  positive  particle.  The  optimum  coagulant  dosage 
is  that  necessary  to  reduce  the  zeta  potential  to  "0"  mv.  As  seen  in  Table 
5,  successive  additions  of  Magnifloc  573C  reduces  the  zeta  potential  until  zero 
is  reached  when  0.8  mg/1  of  the  polyelectrolyte  is  added.  This  dosage 
was  then  added  to  the  sample  prior  to  sand  filtration  (simulated  in  this  test 
work  by  8.0  pm  filtration)  and  Silt  Density  Index  measurements  were  made  on 
the  filter  effluent. 

•Silt  Density  Index  (SDI)  # 

The  SDI  determinations  for  the  raw  water  and  the  various  lab  test  effluents 
are  summarized  in  Table  5.  The  SOI-) 5  for  the  raw  water  was  6.4  while  the  acid 
stabilized  cold  lime  softened  effluent  gave  an  SDIi 5  of  6.5.  Filtering  the 
cold  lime  effluent  through  an  8.0  pm  filter  reduces  the  SDIi 5  to  5.8.  The  SDI-j 5 
can  be  reduced  to  1.4  if  the  effluent  is  coagulated  with  0.8  mg/1  of  Magnifloc  » 

573  C,  then  filtered  through  an  8.0  pm  filter. 

Caution  should  be  used  when  interpreting  laboratory  SDI  results.  While  the 
laboratory  results  can  be  used  to  indicate  trends,  the  absolute  SDI  values 
obtained  on  a  shipped  water  sample  will  not  necessarily  be  the  same  as  the 
SDI  values  obtained  at  the  source.  For  this  specific  application,  it  is  » 

likely  that  cold  lime  softening  followed  by  sand  filtration  will  not  signif¬ 
icantly  lower  the  value  of  the  SDI  obtained  on  the  raw  water  unless  a  cationic 
polyelectrolyte  is  added  to  the  acid  stabilized  cold  lime  effluent  before  it 
enters  the  sand  filter.  Since  the  laboratory  SDI  numbers  were  obtained  on  a 
shipped  water  sample,  and  a  13  inn  filter  was  used  for'SDI  determinations  instead 
of  the  standard  47  mm  filter,  it  is  likely  that  the  actual  field  values  may  • 

differ  from  laboratory  results. 
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Conclusions  and  Recommendations 

Cold  lime  softening 

•  For  a  70°F  influent,  silica  can  be  reduced  from  60  mg/1  to  10  mg/1  SiOg  if  the 

pH  is  increased  with  lime  to  at  least  10.5  and  a  sludge  blanket  is  maintained. 

•  Decreasing  the  temperature  of  the  process  from  70°F  t  63°F  caused  a  10%  decrease 
in  silica  removal. 

•  Silica  removal  down  to  5  mg/1  is  possible  by  overdosing  the  lime  required  for 

alkalinity  removal.  However,  this  negates  the  effect  of  softening  by  putting 
calcium  back  into  solution.  ^  v<  /**/«,  $ 

•  Approximately  3.2  parts  of  magnesium  removal  is  required  per  part  of  silica 
removed.  Thus,  magnesium  must  be  reduced  by  162  mg/1  as  CaC03  if  the  silica 
is  to  be  reduced  to  less  than  10  mg/1. 

Coagulation  study 

•  The  raw  water  sample  has  a  zeta  potential  of  -16  mv. 

•  The  cold  lime  softened  effluent  has  a  zeta  potential  of  -22  mv  which  can  be 

reduced  to  near  zero  by  the  addition  of  0.8  irig/1  Magnifloc  573C. 

•  The  raw  water  sample  has  an  SDI15  of  6.4. 

•  The  cold  lime  softened  effluent  has  an  SDI-| 5  of  6.5. 

•  The  addition  of  0.8  mg/1  of  Magnifloc  573C  followed  by  filtration  through  an  8.0 
pm  filter  reduces  the  SDI-| 5  to  1.4. 

•  The  above  SDI  and  zeta  potential  measurements  should  be  used  only  to  determine 
trends  since  the  measurements  were  done  on  a  shipped  sample. 


Nancy  Lemmo 
Technical  Service  Chemist 


TABLE  2.  EFFECT  OF  SLUDGE  BLANKET  ON  SILICA  REMOVAL 


A 

T  =  70°F 

Test  Conditions 

T  =  70°F 

B 

Polymer  =  1  mg/1  Betz  1100 

Polymer  = 

1  mg/1 .Betz  1100 

Lime  =  300  mg/1  Ca(0H)2 

Lime  =  250  mg/1  Ca(0H)2 

Sludge  Blanket  =  0  ml 

Sludge  Blanket  =100  ml /liter 

pH  =  10.5 

pH  =  10.6 

Effluent  Analysis 

A 

B 

Calcium  (mg/1  as  CaC03) 

125 

155 

Magnesium  (mg/1  as  CaCO^) 

.128 

92.7 

HCO3  (mg/1  as  CaCO^) 

0 

0 

CO3  (mg/1  as  CaC03) 

35 

23.8 

OH"  (mg/1  as  CaC03) 

4.0 

5.4 

Alkalinity,  Phenolphthalein  (mg/1  as  CaC03) 

21.5 

17.6 

Alkalinity,  total  (mg/1  as 

CaC03) 

39.0 

29.5 

Silica  (mg/1  as  Si02) 

24 

6 

Note:  Sample  A  did  not  settle  well  even  with  polymer.  Much  of  the  solids  remained 
suspended. 
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TABLE  3.  EFFECT  OF  TEMPERATURE  ON  Si02  REMOVAL 


£H 

Temperature  °F 

mg/1  SiOg 

X  Removed 

Influent 

Effluent 

r 

10.4 

62 

60 

28 

53 

10.4 

68 

60 

18.3 

69 

10.6 

63 

60 

12 

80 

10.6 

70 

60 

6 

90 

9 
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TABLE  4.  EFFECT  OF  FILTERING  A  "NON-COAGULATED"  SAMPLE 


a 

Li 


Test  Conditions 
pH  =  10.4 

Polymer:  1  mg/1  Betz  1100 
Sludge  Blanket:  65  ml/4  liters 
Temperature:  68°F 


m 


t 

> 

I 

) 


•  Sample  Effluent  Filtered  before  Acidification 


FILTER  SIZE 


0.1pm 

8.0pm 

non-filtered 

Calcium  (mg/1  as  CaC03) 

108 

108 

108 

Magnesium  (mg/1  as  CaC03) 

174 

174 

166 

Silica  (mg/1  as  Si02) 

18 

18 

19 

Sample  Effluent  Acidified  to 

pH  8.3  with 

H2SO4  then 

Filtered 

O.lym 

8.0pm 

non-filtered 

Calcium  (mg/1  as  CaC03) 

103 

99 

96 

Magnesium  (mg/1  as  CaC0_) 

158 

164 

164 

Silica  (mg/1  as  SiOg) 


17 


17.5 


17 
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TABLE  5.  COAGULATION  STUDY 


Zeta  Potential 


Raw  Water  (Before  Softening)  -16  mv 
Cold  Lime  Effluent  (Acid  Stabilized)  -22  mv 
Cold  Lime  Effluent  +  0.2  mg/1  Magnifloc  573C  -21  mv 
Cold  Lime  Effluent  +  0.4  mg/1  Magnifloc  573C  -17  mv 
Cold  Lime  Effluent  +  0.6  mg/1  Magnifloc  573C  -6  mv 
Cold  Lime  Effluent  +  0.8  mg/1  Magnifloc  573C  "0"  mv 


SDI  Silt  Density  Index  (SOI) 


Sample  SDIis 

Raw  Water  (Before  Softening)  6.4 

Cold  Lime  Softened  Effluent 
(Acid  Stabilized)  6.5 

Cold  Lime  Softened  Effluent 
(Filtered  through  an  8pm  filter)  5.$ 

Cold  Lime  Effluent  +0.8  mg/1 

Magnifloc  573C  then  filtered  through 

an  8um  filter  1.4 


» 
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ANALYSIS  REPORT 


PERMUTIT ‘ 

A  lu*M  coaipamy 


ft  Sample(s)  from . 

Address _ 

Requested  by _ 


Remarks 


Report  Pete  December  14,  1979 
Technical  Services  No.  9180-260  RT 

Job  No.  A111D17197 _ 

Collected  l]/79 _ by _ 

Received  11/8/79  by _ 

Analyzed _ by _ 

No.  of  Sampler _ 


jleU)  Identification 


Well  Water  Received  in  Drums 
Received  11/8/79 


Major  Cation* 


Unit*  “  mg/1 
Expressed  as 


Sample  Number 


Calcium,  Ca 

1  | 

Magnesium.  Mg 
Sodium.  Na+ 
Potassium,  K+ 
Acidity  (FMAI.  H+ 


£  Major  Cations 


Major  Anions 


Units  “  mg/1 
Expressed  as 
CaCO, 


Alkalinity,  total 
Aik.,  Phenolphthalein 
Chloride,  Cl  ~ 

Sulfate.  SO^= 

Nitrate,  NO^- 

£  Major  Anions 


Cons  ti  t uent/Parameter 

Units _ 

pH 

7.7 

Specific  Conductance 

p  mhos/cm 

1190 

Turbidity 

NTU 

<1 

Color,  apparent 

color  units 

<5 

Total  Organic  Carbon 

mg/1  as  C 

1 

Silica,  dissolved 

mg/1  at  Si02 

60 

Iron 

mg/1  as  Fa 

0.09 

Manganese 

mg/1  as  Mn 

<0.01 

Barium 

mg/1  as  Ba 

0.03 

Strontium 

mg/1  as  Sr 

2.6 

Fluoride 

mg/1  as  F  ~ 

3.7 

Total  Dissolved  Solids 

105°C  mg/1 

916 

K.«-  5  X  5  TO  THE  INCH  •  IK  10  INCHES  AC  nA  ,  n 

£  KEUFFEL  *  ESSCR  CO.  lUKiMU  HO  WIU 

EFFLUENT  CONCENTRATION  Si02(mg/1) 
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2  1  .  ’  0  •  ‘ 

I® 
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J'A 

km. 

I1*.,. 

K  %|i 

Platinum 

AgBrO. 

4  28 

■t 

53  x  10  ' 

PtBr4 

40  5 

3  2  x  10  41 

AgBr 

12  30 

5  0x10" 

P«OH)7 

35 

l  x  10  ,s 

Ag?CO, 

1 1  09 

8  1x10" 

Plutonium 

AgClO; 

3  7 

2  0  x  10  4 

Pu07C0, 

12  77 

1  7  x  10  11 

AgCl 

9  75 

1  8  x  10  10 

PuF, 

15  6 

2  5x10'* 

AgjCrO, 

1 1  95 

11  x  10" 

PuF4 

19  2 

6  3  x  10  J0 

A9l(Co(NO?)4! 

20  07 

8  5  x  10  " 

Pu(OH), 

19  7 

20  x  10  ,c 

cyanamide.  Ag,CN; 

10  14 

7  2  x  10-" 

Pu(OH)4 

55 

1  x  10  's 

AgOCN 

6  64 

2  3  x  10" 

PuO,(OH) 

9  3 

5  x  10  10 

AgCN 

15  92 

1  2  x  10  16 

PuO?(OH)? 

24  7 

2  x  10  " 

Ag?Cr70, 

6.70 

2  0  x  10" 

Pu(lO,), 

12  3 

5  x  10  “ 

dicyammide.  AgN(CN)? 

8  85 

'  14  x  10" 

Pu(HPOJ,  •  kH?0 

27  7 

2  x  10  " 

Ag.(Fe(CN)J 

40  81 

1  6  X  10-41 

Polonium 

AgOH 

7.71 

1  2.0  x  10" 

PoS 

28  26 

o 

X 

<n 

ih 

Ag,N7o7 

18.09 

1  1.3  x  10"9 

Potassium 

AglO, 

7  52 

3  0  x  10" 

K7fPdCIJ 

5  22 

6  0  x  10  * 

Agl 

16  08 

83  x  10  " 

Kj(PtClJ 

4  96 

H  x  10  ' 

Ag;Mo04 

11  55 

2  8  x  10" 

K7(PlBr4] 

4  2 

63  x  10  s 

AgN07 

3  22 

6.0  x  10-4 

K,(PtFJ 

4  54 

2  9  x  10  s 

Ag,C,04 

10  46 

3  4  x  10  11 

k7s.f4 

6  06 

8  7  x  10  ’ 

Ag,P04 

15  84 

1.4  x  10"* 

K?ZrFft 

3  3 

5  x  10  4 

qumaldate.  AgL 

17  9 

1  3  x  10  11 

KIO, 

3  08 

8  3  x  10  4 

AgReO, 

4  10 

8  0  x  10" 

K,Naf Co( NO. )J  H.O 

10  66 

22  x  10  1; 

Ag;SeO 

15  00 

1  0  x  10  " 

KIB(C6H^)4) 

7  65 

2  2  x  10  * 

Ag7Se04 

7  25 

5.7  x  10  " 

KU0;As04 

22  60 

2  5x10" 

AgSeCN 

15  40 

4  0  x  10"* 

K«(U07(C0,),) 

4  2 

6  3x10s 

Ag7S04 

4  84 

14  x  10" 

Praseodymium 

Ag,SO, 

13  82 

1.5  x  10" 

Pr(OH), 

2?  17 

6  8x10  " 

Ag,S 

49  2 

6  3  X  10  "° 

Promethium 

. 

AgSCN 

12.00 

1  0  x  10" 

Pm(OH), 

21 

1  x  10  ;i 

AgVOj 

6.3 

5  x  10" 

Radium 

Ag,WO, 

1 1  26 

5  5  x  10" 

RadO,)? 

9  06 

8  7  x  10  10 

Sodium 

RaS04 

10  37 

4  2  .  10  ,: 

Na(Sb(OM)j 

7  4 

4  0  x  10  1 

Rhodium 

Na,A!F4 

9  39 

4  0  x  10  10 

Rh(OH), 

23 

i  «  10  •" 

NaK,|Co<N07)J 

10  66 

2  2  x  10  11 

Rubidium 

Na(NH4),|Co(NO,)J 

1  1  4 

4  y  10  " 

Rb,|Co(NO;)J 

14  83 

15.  10  lS 

NaUO;As04 

21  87 

13x10" 

RbjfPtCiJ 

7  2 

6  3  x  1 0  1 

Strontium 

Rh:(ptF  J 

6  1  2 

'7.10' 

Sr  ,(AsO.) 

18  09 

8  1  <  10 

RbjiSiFJ 

6  3 

5  0-  10' 

SrCO, 

9  96 

1  1  x  10  10 

RbCiO, 

2  60 

2  5  .  10  1 

SrCrO, 

4  65 

2  2  x  10  ' 

RblO, 

3  26 

5  5  •  1 0  4 

SrF, 

8  61 

2  5x10’ 

Ruthenium 

Sr(IO ,) 

6  48 

3  3xi0' 

Ru(OM), 

36 

i  .  10  ■* 

SrMoO. 

6  7 

2x10' 

Samarium 

Sr(NhO ,). 

i  7  38 

42  x  10  " 

Sm(OH), 

22  08 

8  3  •  10  ;i 

SrC.O.  HO 

6  HO 

1  6  x  10  : 

Scandium 

Sr  ,(P04). 

27  39 

4  0*  10  " 

ScF, 

’  7  37 

4  2  .  10  " 

8-qumolmoiate  Sfl 

9  3 

5  x  10  " 

Sc(OH), 

30  1 

3  0.  10 

SrSeO , 

8  74 

18x10' 

Silver 

S/SeO, 

J  09 

81  «  10  ‘ 

AgN 

6  54 

28.  <0  * 

SrSO. 

.’  4 

4  .  10  * 

Ag  ,AsG4 

22  0 

it).  *o  •• 

SrSO. 

‘>4  9 

3  2  .  >  0 

Sfclion  5 
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SOI.UUM.ITY  1*1(01)1  ITS 


SulMUnre 

''III.. tail-  •- 

\tK.v 

*.p 

SfW04 

9  77 

1  7  x 

7  1 

10  10 

Uranrum 

Terbium 

! 

U0,HAs04 

10  50 

3  2  x  10“ 

Tb(OH), 

2t  70 

2  0  x 

10  ;; 

UO,CO, 

11  73 

1.8  x  10“ 

Tellurium 

(UO,),lFe(CN)J 

13  15 

7  1  X  10-“ 

Te(OH). 

53  52 

3.0  x 

10  '4  : 

UF, -2  SHjO 

21  24 

5  7  x  10“ 

Thaiiium(l) 

UO,(OH), 

21  95 

1  l  x  10“ 

TIN, 

3.66 

2  2  x 

io-4  1 

110,(10,),  H,0 

7  5 

3  2  x  10-* 

TIBr 

5  47 

3  4  x 

10“ 

U0,C,0,  3H,0 

3  7 

2  x  10-* 

TIQrO, 

4  07 

8  5  X 

10  s 

(ucg.tPOj, 

46  7 

2  0  x  10-*’ 

Ti,(Ptcg 

11.4 

4  0  X 

io-,J 

UO,HPO. 

10  67 

1  2  1  X  10“ 

TICI 

3.76 

1  7  x 

10“ 

uo,so, 

8  59 

,  2  6  x  10"* 

TI,Cr04 

12.00 

1  0  x 

10_u 

UO,(SCN), 

3.4 

4  X  10  * 

TI4(Fe(CN)4]  ■  2H  ,0 

9.3 

5  x 

10-ic 

Vanadium 

TIIO, 

5.51 

3  1  x 

10“ 

VO(OH), 

22  13 

'  59  x  10“ 

Til 

7.19 

6  5  x 

10** 

(VO),PO, 

24  1 

a  x  io-“ 

TijCj04 

3.7 

2  x 

10“ 

Ytterbium 

TljSeO, 

38  7 

2  X 

10"  ** 

Yt(OH)j 

23  6 

2  5  X  io-’* 

Tl.SeO, 

4.00 

i  0  x 

10“ 

Yttrium 

TIjS 

20  3 

5  0  x 

10n 

YP, 

12  14 

5  6  x  10-“ 

TISCN 

3  77 

1  7  x 

10“  . 

Y(OH), 

22  1 

8  0  X  10-“ 

Thallium(lll) 

y,(C,o4), 

28  28 

5  3  x  10“ 

TKOH), 

45  20 

6  3  x 

10“4 

Zinc 

8-qumolinolate.  TIL, 

32  4 

4  0  X 

10- 11 

anthrantiate.  Znt: 

9  23 

5  9  x  10-'° 

Thorium 

Zn, (AsO,). 

27  89 

1  3  x  10-“ 

ThF4  •  4H,0  +  2H*  — 

7  23 

5  9  x 

10“ 

Zn(BO,);  •  h.O 

10  18 

6  6  x  10-“ 

ThFp  +  2HF  +  4H,0 

ZnCO, 

10.84 

1  4  x  10“ 

Th(OH). 

44  4 

4  0  X 

10“' 

Zn,(Fe<CN)J 

15  39 

4  0  x  10-'* 

Th(C,04), 

22 

1  X 

10*“  • 

Zn(lO,), 

7  7 

.  2.0  x  10“* 

Th,(P04). 

78  6 

2  5  x 

10-" 

Zn(OH), 

16  92 

i  1  2  X  10-“ 

Th(HPO.), 

20 

1  X 

10-,D 

ZnC,04 

7  56 

:  2  7  x  10-* 

Th(IO,)4 

14  6 

2  5  x 

10“' 

Zn,(P04), 

32.04 

j  90  x  10“ 

Thullium 

i 

qumaldate.  ZnL, 

13  8 

If  X  10“ 

Tm(OH), 

23  48 

3  3  x 

10“4  ■ 

8-quinolinolate.  ZnL, 

24  3 

5  0  x  10“ 

Tin 

ZnSeO, 

6  59 

2  6  x  10-’ 

Sn(OH), 

27  85 

1  4  * 

10“* 

■i-ZnS 

23  8 

l  6  x  10“ 

Sn(OH)4 

56 

1  x 

10“* 

li-ZnS 

21  6 

2  5  x  10“ 

SnS 

25  0 

1  0  x 

10“' 

Zn(Hg(SCN)4l 

6  66 

2  2  x  10-’ 

Titanium 

Zirconium 

Ti(OH), 

40 

1  x 

10“° 

ZrO(OH), 

48  2 

5  3  x  10“ 

TiCKOH), 

29 

'  < 

1C  ** 

Zr,(P04)4 

’32 

l  x  10-“’ 

l*R OTO.N  T R  V N S K K H  RKACTIONs 

The  p/va  values  listed  in  Tables  5-7  and  5-K  are  the  negative  (deeadic) 
logarithms  of  the  acidic  dissociation  eonstant.  i.c..  -log,,,K,,  =  p/va. 

For  the  general  proton-transfer  reaction 

HB  II*  a-  B 


\ 


the  acidic  dissociation  constant  is  lormnlateil  a-  loll. 
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Treatment  of  Heavy  Metals  in 
Wastewaters 


What  wastewater-treatment  method  is  most  cost-effective  for  electroplating 
and  finishing  operations?  Here  are  the  alternatives. 

Curl  E  Jansou.  Robert  E.  Kenson.  and  Lawrence  H  Tucker.  Met-Pro  Corp  Harloysv  die.  Pa  lOPl'' 


The  Federal  Government  has  allowed  the  General  Pre¬ 
treatment  Regulations  to  take  effect  as  of  January  31.  1982 
(40  Federal  Register  -1518).  In  addition,  regulations  for  the 
electroplating  industry  have  been  reissued  in  the  January 
13.  1982  Federal  Register  with  a  compliance  date  of  Janu- 
arv  2S.  198-4.  These  regulations  include  maximum  dis¬ 
charge  criteria  for  heavy  metals.  These  limitations  closely 
parallel  the  present  criteria  promulgated  for  the  plating/ 
surface-finishing  industry.  The  heavy-metals  limitations 
can  be  broken  down  into  two  basic  classifications  —  dis¬ 
charges  less  than  10,000  gallons  per  day,  and  those  dis¬ 
charges  greater  than  10,000  gallons  per  day  to  Publicly 
Owned  Treatment  Works  (POTW).  There  are  complicated 
formulas  for  removal  credits,  but  most  platers  will  probably 
opt  to  comply  with  one  of  the  two  discharge  schedules  be¬ 
low  (Table  1  and  Table  2). 

This  paper  will  present  a  discussion  of  alternative 
methods  used  to  treat  the  typical  heavy-metal  wastewaters 
most  often  generated  by  electro-plating  and  surface¬ 
finishing  operations.  Before  considering  any  form  of  waste- 
water  treatment,  it  is  essential  that  the  manufacturer 
review  and  reduce  his  water  usage  wherever  feasible.  This 
can  be  done  with  rinse-tank  controllers  (conductivity), 
counterflow  rinsing,  flow  restrictors,  and  foot  pedals. 
Water-usage  reductions  will  permit  the  manufacturer  to  re¬ 
duce  the  volume  of  wastewater  generated  and  thus  reduce 
the  capital  cost  of  the  wastewater-treatment  system 


Taiill  1 

Limitations  yun  Discharges  Mom:  Than 
lo.ooo  Gallons  Pkh  Dav  to  POTW' 


Maximum 

Maximum  for  4 

Per  Dav 

Consecutive  Davs 

Pollutant 

nng  1 1 

'me  1 ) 

Cadmium 

1.2 

0  7 

( Chromium ' 

7.0 

4  0 

4  " 

rt  - 

Cv  ,mider 

i  0 

1  0 

( foju 

I  2 

0  7 

Lead 

If  ft 

i)  4 

N  it  k  <  ■ ! 

4  ! 

2  t. 

/.me 

;  2 

J  t, 

'lot.ii  Mo,1 

iii 

t’  < 

After  water-saving  steps  have  been  taken,  floss  studies 
and  analssesot  the  waste  streams  must  be  conducted  W Vh 
this  basic  iniormation.  wastewater  treatment  equipment 
can  be  selected  and  sized  Batch  treatment  can  be  used 
where  flosvs  arc  small,  irregular,  or  where  the  strength  of 
the  waste  mas  be  quite  high  or  extremely  variable  [f]  A 
typical  batch-treatment  system  is  shown  in  Figure  1  Batch 
systems  are  available  in  various  modes,  ranging  from  com¬ 
pletely  manual  to  fulls  automatic  svith  a  programmable 
controller.  W  ith  a  batch-treatment  system,  all  treatment 
operations  can  be  performed  in  one  vessel.  depending  upon 
the  presence  of  cyanide; chrome-bearing  wastes.  Contin¬ 
uous  systems  require  the  use  of  separate  integral  reaction 
units  for  each  treatment  reaction 

Any  svastevs  aters  which  contain  high  amounts  of  oils 
must  first  pass  through  some  type  of  oil-separation  equip¬ 
ment.  Floating  oils  can  be  skimmed  mechanically,  svhile 
emulsified  oils  can  be  forced  to  separate  either  with  chemi¬ 
cal  aids,  a  coalescer,  or  with  ultrafiltration.  If  BOD  COD  is 
present  in  excess  of  the  discharge  criteria,  either  aeration  or 
carbon  adsorption  must  be  used  to  reduce  the  BOD  COD  to 
dischargeable  levels  [2). 

ORIGIN  OF  WASTES 

C\ anide-bearing  wastes  generally  originate  from 
cyanide-bearing  cleaners,  esanide  dips,  and  plating  solu¬ 
tions  lor  the  following  metals:  copper,  zinc,  cadmium 
brass,  bronze,  silver,  and  gold.  Both  concentra'»d  ami  di¬ 
lute  wastes  arc  possible.  Concentrated  wastes  arc  'ho  re. ..it 
of  discarding  spent  solutions  Dilute  vv  aste waters  aie  the  re¬ 
sult  <ij  dragon)  or  carry-over  from  a  process  solution  vs  Inch 
is  rinsed  off  the  part  The  tsso  should  be  treated  together 
with  the  concentrated  evanide  wastes  hied  into  the  duu'e 
stream.  Cyanide  vs  aste  streams  should  be  segregated  from 
other  wastes  for  treatment. 
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Figure  1.  Typical  botch-treatment  system 


*  .‘}»r»u: ;.tt«  '■isiriug  w  rngiruiU*  front  |>J«i! i niz.  bright 
slip.  i  ( * : i v : * r v ii •  :»  icMijug.  ami  *»no<h/.ing.  Again.  w  astw  rna\ 
br  tiiiutv  <>r  conci’Mtrjti  tl  Dilute  wastes  result  from  drag- 
"it  .*r  varrs-ovt-r  trorn  the  process  solution,  which  is  rc- 
:n«»\rd  iron:  the  \v •  >rk -piece,  while  concentrated  streams 
result  from  the  periodic  dumping  of  spent  baths  or  solu¬ 
tions  The  two  streams  should  be  treated  toother  with  the 
concentrated  chromate  stream  being  bled  into  the  dilute 
str<a:n  (Jiuomate  streams  must  be  segregated  from  other 
wastes  tor  treatment 

Acid  alkali  wastes  make  up  the  balance  of  the  wastewa¬ 
ter  stream  Irom  most  platers  finishers.  The  acids  are 
generated  from  acid  cleaners  or  pickling  solutions,  bright 
dips,  acid  dips,  and  their  subsequent  rinses.  Alkalies  result 
from  alkaline  decreasing  and  cleaning  solutions  and  their 
subsequent  rinses  The  acid  alkali  wastes,  the  cyanide- 
! •  a r : t : wastes,  th*  «  hromate  bearing  wastes,  nickel,  cop¬ 
per.  and  u.v  acid  plating  !>aths  rinses  all  contain  heavx 
met  a!s 

CONVENTIONAL  TREATMENT 

The  most  common  method  of  treatment  of  cyanide 
w  astes  aikaiin?  chiori nation .  The  chlorine  may  be  added 
direct l\  as  chlorine  gas.  or  in  the  form  of  sodium  hypo¬ 
chlorite  solution  The  complete  destruction  of  cyanide,  i.e. . 
conversion  to  carbon  dioxide  and  nitrogen  is  a  two-step  oxi¬ 
dation  process  The  chemical  reactions  for  the  process  with 
sodium  hvpochlorite  appear  in  Figure  2. 

When  chlorine  gas  is  used,  sodium  hydroxide  must  be 
added  in  the  initial  reaction  to  form  sodium  hvpochlorite 
Oxidation  <>1  the  cyanides  then  proceeds  bv  the  same  mech¬ 
anism  Both  stages  of  the  reaction  arc  pH-dependent.  With 
the  first  stage,  the  reaction  rate  decreases  as  the  pH  de¬ 
creases  In  the  second  stage,  the  reaction  rate  increases  as 
tlie  pH  decreases.  It  is.  however,  very  important  to  note 
that,  in  the  second  stage.  pH  s  below  ”  must  be  avoided 
since  at  ‘ties**  .  »w  p||\  exanate  will  mover*  to  ammonia. 

The  use  of  ••/one  ,*n  an  oxidizing  agent  for  cx  armies  is 
grow  mg  :n  ;>**:>. *iantv  The  oxidation  process  occurs  at  am¬ 
bient  temperatures  .me!  can  eusilv  be  automated.  The  major 
disadvantage  is  that  «»/one  must  be  generated  on-site  and  is 
relativelx  e\p»*n«ive  in  addition,  oxidation  hex ond  the  eva- 
nate  lev  el  is  limited 
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1 1*  •  r  :  i  mi:i  t!  !•  !.<■'  .iv  .hi  :.i!i  In  i!n  Iri'ali  :t  '!},> 

ca 1 1  !>e  ae«  ;  uii pi: sin-1  *.v  *t h  \  arioi is  red  m  *;i g  agmit  s.  *  f m •  1 1 n  > v t 
■.nliifidili  .’w-mg  sociiiu  u  i.*eU  abls.ull  itf  ■.  h\rn»Uv  sulfate.  .o<d 
sulfur  (iio\i<i(  !  In  :e.*coi»ii  <  ’  t  sodium  a!  umi  !  t  ii  e  with 

i  iirom.itr  iv  sbi  'w  u  o'  Tigur*’  1 

Th*-  «»'  jdal  i«»n-  r  ■•ciuct  mi.  j n ii «•; it  ;j|  ear:  be  used  to  pint  J  h< 
course  of  tfie  :‘cOu<  (ion  n-.ict  mu  lor  i  liromale  arid  the  •  ■  \ i  - 
elation  rea  ti"ii  for  cv  auiiJe  1  hi  is.  an  DUI*  meter  controller 
is  an  essential  com  pone  nl .  .dong  w  it  h  j  pH  meier  controller 
to  assure  proper  trealmefit  of  evauide  and  hr xa valent 
chriHue.  Once  thev  hav  e  been  treated  tiicx  cat:  be  combined 
with  t he  genera;  acid  alkali  ua\te\  tor  subset pient  pH  ad 
jiiomcnt  and  the  precipitation  nf  hca' '  metal' 

Simile  stage  continuous  neutralizers  are  usualls  Miiiabli 
for  electroplating  wastes,  using  acids,  sodium  hvdroxidc. 
or  lime.  If  the  wastewater  is  subject  to  rapid  pH  variations 
or  flow  variations,  a  two-sta>!e  system  should  lie  used  1 
Tlie  retention  time  in  each*  s  essel  ;s  tvpicallv  ten  minutes 
The  term  "neutralizer"  is  a  misnomer  today  because  of  the 
treatment  to  a  specific  pH  for  optimum  heat  \  -metals  re. 
moval  Metals  precipitate  at  sarious  levels  of  pH.  depend¬ 
ing  on  various  factors  such  as:  the  metal  itself,  the  insoluble 
salt  that  has  been  formed  fe  s'.,  hydroxide,  sulfide,  etc.', 
the  presence  of  complexing  atients  such  as  EDTA  (ethylene 
diamene  tetraacetic  acidi.  ammonia,  acetic  acids,  etc  |J1. 
Theoretical  curses  for  the  precipitation  of  various  metals  as 
hydroxides  are  shown  in  F'itiure  4. 

When  two  or  more  heavs  metals  are  present  in  the  same 
ssaste  stream,  the  optimum  pH  for  precipitation  mas  hr 
different  than  the  optimum  pH  for  one  particular  inn  In 
order  to  determine  the  optimum  treatment  process,  j 
bench-scale  laboratory  testing  program  should  be  con¬ 
ducted  and  should  include  the  use  of  s  arious  chemicals  and 
s  arious  pH  ranees  to  determine  their  effect  in  producing  tlu 
best  effluent  Various  polymers  should  also  be  tested  for 
their  use  in  improving  the  settleability  of  the  metal  precipi¬ 
tates.  Polvmer  is  typically  added  immediately  after  pH 
adjustment  in  a  flocculation  vessel.  The  flocculated  ssaste- 
svater  is  then  permitted  to  settle. 

Various  types  of  settling  vessels  are  available.  Thes  in¬ 
clude  conventional  center  feed-peripheral  discharge  circa- 
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Figure  3.  Chromate  reduction. 
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iamelia-tx pe  ilirilwrs  * ‘M < ■  r  niiprn.ei!  settling  while  men 
(*\  like  less  .iron  ill. u:  i  mix  entional  ;  ( ;•  •  .1  ierx  The  ;iivu;m 
1  atril  sludge  in  mi  I  In- 1  laril  ler  is  rrnnti <  il  at  12'  solids  In: 
further  this  ki  lling  in  a  sludge  tlm  kener  ami  ur  subsequent 
ili'ii  alering. 

Tin  elaritier  oxerllnxs  may  contain  residual  suspended 
nil  ids  r  ii  1 1 1 1  r  i  n  e  re  min  a  I  with  a  p*  ilisliieg  t  liter.  Hus  ensures 
in a.sinmm  removal  i>(  metals.  A  ilnal-im (lia  grants  tilt i-r  m 
pressure  filter  is  the  most  prevalent  choice  for  Miration 
When  the  filtei  reaches  terminal  head  less,  it  must  he  liack- 
uashed.  tihich  takes  15-20  minutes.  During  this  time.  0  n 
out  ol  sersiee.  nitli  the  main  sump  (feeding  the  pi! 
adjustment  unit)  holding  the  incoming  floss'.  One  alternate 
to  this  is  to  use  a  duplex  filtration  system  assurinu  contin¬ 
uous  operation  Kffinent  polishing  can  also  he  provided 
eor.tinuousls  ssith  die  DynaSand"”  Filter  ivhieh  is  a 
continuous-hackli  ashing.  up  flow,  deep- bed  granular- 
media  filter.  The  feeil  is  introduced  into  the  bottom  of  the 
unit  and  firm  s  upu  aril  through  a  series  of  riser  tubes  and  is 
then  evenis  distributed  through  the  distribution  hood.  The 
influent  flows  upisard  counter  to  the  downward-moving 
sand  bed;  the  filtered  effluent  then  exists  ua  an  overflow 
xveir.  Tiie  sand  lied  and  the  accumulated  solids  are  drawn 
doxs  nward  into  the  suction  of  an  airlift  pipe  at  the  center  of 
the  filter  which  transfers  the  slurry  upward  through  the 
center  of  the  unit  The  scouring  action  frees  the  solids  and 
thev  are  then  separated  in  the  xvasher/separator  w  hich  re¬ 
turns  the  sand  to  the  filter  and  the  olids  to  the  reject 
stream  This  device  permits  continuous  backwashing  utiliz¬ 
ing  2-.3T  nf  tiie  thus  The  filtered,  treated  wastewater  is 
then  discharged  to  the  BOTW. 

After  the  sludge  has  been  collected  from  the  clarifier,  it  is 
pumped  to  a  sludge-thickening  device.  Usually,  a  conical- 
bottom  tank  is  used  with  decant  connections  located  on  the 
side  of  the  tank  This  enables  the  initial  collected  sludge  to 
be  concentrated  from  1-2 ‘it  solids  by  weight  to  a  final  con¬ 
centration  of  4-8 '3  solids  by  weight.  Thickening  improves 
the  performance  and  efficiency  of  the  final  dewatering 
process  and  results  in  substantial  volume  reductions  to  re¬ 
duce  both  the  disposal  and  handling  costs.  From  the  sludge¬ 
thickening  tank  the  sludge  can  be  further  dewatered  with 
the  use  of  a  centrifuge,  vacuum  filter,  nr  a  plate-and-frame 
filter  press. 

A  sacuiim  filter  can  work  either  continuous!)  or  js  a 
hatch  operation  The  common  type  of  xaecum  filter  is  the 
rotarv-drnm  vacuum  filter.  This  unit  lias  three  basic  zones 
of  operation:  1'  slurry  pick-up.  2)  cake-drying  area.  ->> 
scraper  discharge  The  si  stem  is  constructed  as  a  cx  ltndcr 
with  various  tvprs  - 2  filter  media  The  cylinder  is  usiiallx 
submerged  about  M  i  with  the  speed  of  rotation  set  to  ob¬ 
tain  optimum  pick-up.  dewatering,  and  cake  removal  with 
the  filtrate  returned  to  the  mam  process  sump  for  re- 
treatment.  Tiie  dewatered  cake  contains  from  20- M  ! 
solids  ( 4  j. 

The  filter  press  is  one  of  the  most  common  ilex  tees  uti¬ 
lized  for  tiie  dewatering  of  metal-hydroxide  sludges  1  lie 
listen)  consists  of  a  trame  to  support  tiie  plates  Plates  can 
be  either  ol  'lie  gasketed  or  noil-gasketed  type  Ixpicalls. 
file  press  js  opened  or  closed  with  either  a  Indrutihc  -xstein 
or  a  hand  crank  !  he  hx ilraiilic  ivstcin  rcduci-i  the  manual 
cranking  labor  '  >ncr  'be  press  has  bei-n  closed,  tin-  sludge  is 

ptitnpi'd  ii,  the  pi'-xs  m  here  it  disperses  to  eaeh  <  iiainber  si 
in  i ;  i !  a  in  '  .us! '  I  Tenure,  (be  solids  deposit  i.niiorinli 

"C.  ’  be  ■  or!  .,1  e  ■  ■  ,  ;  ■  •!  ;i  SI  it  1 1  t  be  I  lilt !  .1 1  build  up  ii  t  leg  -e 

a  iil'ei  1 :.  m  s'  ,  .  a 1 1. no  t be  i  ake  w  il]  fun]d  :::>  :o  i  oni 
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pii.d'i  proei,  i  i  s  sluiiz'  ■'■•M.iiiiing  20--)o  soluts  !,x 
ssecgbt.  is  bile  re< pii ring  i mis  minimal  manual  labor 

In  applications  wben  tie  .obimi*  ul  siiuig1  to  be  dess  a . 
len  d  is  large  the  n-e  of  -i  eentrifuge  is  si  rs  economical 
I  in  sb.rrs  is  led  in  tin-  center  ol  the  unit,  where  it  is  acce¬ 
lerated  with  tiie  ru'.itiorial  speed  uf  the  unit  and  packs  on 
the  outside  boss  i  ol  the  unit  w  ith  tin-  clear  liquid  eolleeted 
through  a  Idler  screen  I  be  heaxier  solids  .ire  toreed  lo- 
wards  the  sludge  discharge  where  dies  are  tspicalls  re- 
mused  In  a  screw  conxevor.  The  concentrate  is  returned  to 
the  main  process  sump  for  reprocessing.  Centrifuges  can 
produce  ilew  atereil  cakes  of  15-25  ‘5  solids  In  w  eight 

Bag  filters  are  also  used  on  occasion  to  dewater  sludge 
Some  units  utilize  a  series  of  open  filter  hags,  while  others 
utilize  pumps  to  feed  hags  in  a  central  housing  The  bags 
can  produce  cakes  ranging  from  6-12 ‘5  sniids  by  weight. 
Once  the  sludge  has  been  dew  atered,  it  must  fie  disposed  of 
and  this  requirement  is  often  the  major  factor  in  selecting  a 
more  effective  dewatering  process. 

SULFIDE  PRECIPITATION 

Sulfide  precipitation  can  be  more  practical  than  hydrox¬ 
ide  precipitation  in  removing  chromium  because  it  directlx 
reduces  the  hexavalent  chrome  to  its  trisalent  state, 
eliminating  the  need  fnr  intermediate  pH  control  Sulfide 
precipitation  is  accomplished  with  either  the  soluble-sulfide 
or  insoluble-sulfide  process.  With  the  insoluble  process,  an 
excess  of  ferrous  sulfide  is  added,  enabling  the  iron  to  give 
up  its  sulfide  and  to  precipitate  any  metal  w  ith  a  lower  sol- 
ubilitv  than  the  ferrous  sulfide.  With  alkaline  pH.  the  iron 
precipitates  in  the  hydroxide  form.  In  the  soluble-sulfide 
process,  a  sulfide-ion  probe  is  utilized  to  measure  control 
the  addition  of  soluble  sulfides  such  as  sodium  sulfide  or  so¬ 
dium  hvdrosulfide.  The  soluble-sulfide  system  typically  re¬ 
quires  a  higher  chemical  demand  and  produces  a  larger 
volume  of  sludge  than  hydroxide  precipitation.  Sulfide  pre¬ 
cipitation  is  relatively  insensitive  to  the  presence  of  most 
chelating  agents  and  performs  well  on  mans'  complexed 
heax  v  metals  [2].  But  sludge  disposal  can  present  a  problem 
with  no  adequate  data  available  to  confirm  the  existence  of 
sulfide  sludges  w  ith  long-term  stability  and  it  therefore  mas 
be  difficult  to  obtain  regulators  agency  approval  to  dispose 
of  the  sludge  in  some  areas  [5). 

ELECTROCHEMICAL  REDUCTION 

Chromium  reduction  is  the  most  common  application  for 
electrochemical  reduction  precipitation  This  process  uti¬ 
lizes  consumable  iron  electrodes  and  electricity  to  generate 
ferrous  ions,  which  react  with  the  hexasaient  chrome  to 
produce  trix  uleni  chrome.  Because  of  the  introduction  of 
ferrous  ions  into  the  waste  stream,  some  additional  solid- 
will  lie  generated.  Maintenance  includes  hiweeklx  replace¬ 
ment  of  electrodes  and  washing  of  electrodes  i  10-15 
minutes  ilaxi.  The  cons entional  chemical  reduction  "stem 
has  a  combined  treatment  and  sludge-disposal  cost  adx. til¬ 
lage  user  the  electrochemical  method  when  the  influent 
< ir  "  exceeds  5  ppm  [2b 

INTEGRATED  WASTEWATER  TREATMENT 

I  lii'  integrated-ss stem  approach  iniorporjtcs  the  w  astc- 
tre.itmcnt  step  as  part  of  the  actual  plating  opcra'ain  In 
tins  tspe  at  ssstem.  tiie  ilrag-oiit  on  t  f  1 1  si  ork  ■  pari 
ire.i'e  I  in  a  rinse  tank  tli.it  eont.iins  'be  t r--.it men:  ihcuu 
i  a!  1  or  example,  imm.-di.iieis  P liloii  mg  :  m  i  hr.'i’ii.  .u  i  : 
bath  there  iimiiil  be  t  .  i ,  r  <  ■  m  ii  -ieid  si  asp  ‘r-  .lien  ut  ru.s, 

]  .os  riosi  ss  oil'd  In  in  a  .loseil  n ., 1 '  a  i!  .,  .  hr  on;  .:' 
ss.ist.  t  ri.it  mi  ul  r>  si  r s  ■ , i  r  ss  !m  'i  o  •  .. . . s  , 1  >M  .1  .\  . : ; 

'Ii-  ; ,  ■■  imp  <  ‘  •  a  m  ■  .-ip. >m  P'oill.'i-  'tn  r  ro  nn  :  . 
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INSOLUBLE  STARCH  XANTHATE 

I ri'.i -I ■ : I -t.ir,  ii  \..ui  li.ii>-  i  I'Xi  is  .i  rvi-vut  ;inm-»  iiw  •  -I 
.  .11.-1 :  111  tin  t  X  i  >■  ;'..n  III, -III  111  A  --IT :  .-i  i:  t  ■  ■  r<  «<•  ''Ml'"-' 

!„-.m  un-tals  I  mi:.  u.nHu.iii-r  I S  X  is  iiutlt-  1mm  (-••niim  r 
.  ;.n  ,  msslmkiii  start'll  bv  n-.u  !  mu  tin-  sturtfi  w  itb  sobiuni 
i\  <  1  ri  ivitlc  .mil  smlitmi  .  It-.ntl  itlt-  To  live  the  product  atldi- 
•nm.il  St.ibilitv  and  itnpm'c  tin-  sv"lini;  rate.  maniu-Miiii: 
mllati.-  iv  added  ISX  :n!'  .is  an  iiin-i-\cli.in”t-  material.  i-v- 
.  ii.inuiiiU  tfn-  lu-avv  inetal  ions  arid  rcplacnm  them  «i‘li 
mane. in es,  and  sodium  ions  The  process  tent-rates  siuml- 
ant  anion  i,l  ,,|  sbuiuv.  ill  lion  til  the  slndte  does  settle 
idK  and  (  an  he  tie"  ateretl  to  iD-dO^I  solids  h\  weight  This 
si,  i.lte  i  vers  stalrle  with  no  leachate  prohiems  es  ident  ISX 
IS  Vers  efleetise  in  the  treatment  of  eomplexed  copper  lint 
tan  also  he  used  ssith  most  heas;.  metals. 

ELECTROITTIC  TECHNIQUES 

Klee! roistie  technique'  hate  recent )\  been  utilized  to 
: ilat e  out  dissolved  metals,  reduce  chromium,  and  to  o.si- 
<  1 1 7-t  esanitte  from  ssastessater  The  major  tiperatinc  cost  is 
the  eh-etru-al  current,  ssith  no  chemical  treatment  re- 
qinred.  The  hieh  electrical  resistance  of  dilute  solutions  has 
made  ortlv  more  concentrated  rinses  economically  treatable 
until  s  t-rs  recently.  Two  companies  are  presently  actively 
marketin'.:  electrolytic-treatment  systems 

evaporation 

Tile  t-s  aporatioo  process  has  been  utilized  suceessfults  or, 
s  irtualls  all  types  of  platuis;  baths.  t)ne  of  the  most  impor¬ 
tant  benefits  ol  the  evaporative  recovers  system  is  that  it  en¬ 
ables  the  return  of  dratt-o ut  wastes  of  hinder  concentrations 
than  the  original  bath  In  those  installations,  where  the 
evaporation  losses  are  minimal,  and  where  the  drait-in  is 
equal  to  the  dratt-out.  there  is  considerable  merit  in  the  use 
of  es  operativ  e  recovers  There  are  basically  three  types  of 
evaporators:  vacuum  evaporators,  thin-film  evaporators, 
and  atmospheric  evaporators. 

Vacuum  ev  aporators  utilize  reduced  pressure  to  lower  the 
hoilini;  point  of  the  solution,  therefore  altowinu  a  lower 
rate  of  decomposition  of  cyanide  solotions.  This  also  re¬ 
duces  both  the  carbon-dioxide  adsorption  and  the  air  en¬ 
trainment  of  the  solution  beinn  boiled 

The  thin  film  or  rising-film  evaporators  are  destined  to 
provide  a  \erv  last  rate  of  heat  input  to  a  thin  film  of  solu- 
•ton.  This  minimizes  both  op.  stall nation  and  solids  p  root  pi  ■ 
ration  "ii  tile  heat-evch.inuer  snriaees.  result  inti  in  lower 
.n.iuitenatue  rei|Uiremetits  and  better  offish-no  in  the  liea- 
•ransfer  Tin  thin-film  and  rr'ini-film  evaporators  can  be 
lombined  will,  vacuum  evaporation  to  take  advantage  m 
■In-  benefits  of  both  processes,  niliibitini  anv  tlo-rmai 
degradation  of  the  solution  additives  and  redueini  eneruv 

I  (UlSlIlliptlOll. 

\t  inospheric  evaporators  are  normally  operated  below 
r!ie  holimo  temperatures  The  evaporator  column  is  de 
-lined  similar!",  to  an  evhaust  seruhher.  vv.-rh  a  verd  far. 
p.issuie  hirue  volume  of  .or  through  a  packed  columr, 
w  here  tie  w  ,u  in  s,  ,bit  n>,  ,-  ■  pr.iv  ed  from  t  fie  top  the  ev  - 

.,  u-r  .ii  r  I-  ■  . . .  w  :'h  a  ..ter  Du-  rniospiieric  ,-v  .ipora- 

. ,  r\  ,  ,  ,.t  et f,  .  t  :v  <■  u  ;r  !i  ,  firomie  .u  nt.  w  it,-:  u-ed  i : 

:  i  - ,,  in  * ,  <  <r  vv  ,  I  i ,  ’h,  .<  ,  1 1  •  =  f . ;  r  i  _■  < .!  the  lti.it  till  t r.  ,  t  i.ol 
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,  .ii'x<-  it  '  r.m-.i<'  ri  »l  water  in  a  no itm*  direct  :*m:  ot 

i : i  ’ r t ; i <i r  i  1'..  ■%’  -  v.  'n  it  v,  .it i  r  l  liiu  x  from  a  levs  cuiifcn t  ra  I  *-d 
.i •! : i *  i>  1 1  • : i r •  •><  ;:u  ;n •!  nn  membrane  t«*  a  ii n > r< ■ 

i  *  1 1 1  i  ;  if  rat -v  I  ■>*  tit:*  n  >fi  iff  lord  xo.’.utinr  t  Him  x  mcr  t  hi-  Mir 
■at*  •■!  tti'-  i  i*  : i  ’ir.kfu  I  lu-  mend >rano  is  tvpieallv  a  *  < • .  1 1 : 

I  r  ini'  .k  r‘  at  ■•  t :  i  I  t  t  verv  Mniil.il  to  Ihm'.v  eel  l< '  pita  He  I;rexxsir< 
i  -it  i!  i/«-tl  :«■  5  •  ■  rc  *-  a  pet  cent  age  <n  tin*  w  at  it  in  the  xulut  ion 
through  liu-  uiembr ant*  w  Ii t It*  a  iittie  of  the  initial  wali-r,  en- 
rn  l|«-d  m  m »; n J t  v  i<  nidiiis  tn  be  t r  a  ns  ported  aw  ay.  Tin*  sol tj 
tin  n  i  liter  Mill  tin-  membrane  n  designated  ax  the  feed,  u  fide 
(lie  materia:  *>reed  Mirnugh  the  m«*mhr«inc  is  called  the  per 
nie.ite  The  e!irn  iied  xi.lnte  xx  .iter  referreii  to  «ix  tile  enn 
C-eflt  rate  !  «r  rv-et  l  x t  r*  .mi 

J  he  in«i|o:  djifsi'iilt v  w  1 1 It  rev  erxe  osmosix  iHOi  Syxtemx  n 
the  ; > t < ■  f > I e t ; ’  "t  maintaining  nnmtbrane  periortnance.  The 
pi  i  must  I>e  mamtaiivd  in  si  pH  ran^e  of  2.^  to  1  1  to  enxure 
reasonaide  metn hratie  Id**  t»rid<i  filtration  should  always 
!)«*  ntiliz«  ti  tn  protect  the  membrane  surface  from  fouiine 
Reverse  osmosis  has  ^reat  potential  for  t her  recovery  of  raw 
metai  materials  in  tlte  met  aid  i  nishmu  rinses  after  platir.c. 
,\t  prexenf.  x\  stems  hiiic  been  utilizer)  r>n  chrome,  nickel, 
and  copper  plat tim-  line  mixes,  producing  as  the  by-product 
pure  \v  ater  for  re-nxe 

ION  EXCHANGE 

Ion  exchange  ix  a  reversible  chemical  reaction,  where  an 
ion  trom  the  solution  is  exchanged  for  a  similarly  charged 
ion  attached  to  a  solid  particle.  Tvpicallv.  svnthetic  organic 
rexim  are  utdize-i  b*-c\iu-e  *-i  their  superior  -apabilities  of 
beii.g  m.imitaetured  tor  specific  applications.  The  orgat.K 
resin  isiomposed  of  p* .lyeiect roiv  tes  w  ith  a  high  molecular 
weight,  w  iiix i»  can  exchange  tlu-ir  mobile  ions  with  those  of 
a  similar  charge  in  the  surrounding  medium.  Ion  exchange 
is  idealh  suited  for  dilute  solutions,  w  ith  the  treated  water 
being  of  verv  high  purity.  Although  everv  know  n  metal  has 
been  recovered,  separated,  and  purified  b\  some  ion* 
exchange  process  in  the  laboratory,  on  a  commercial  scale 
only  a  few  are  treated  with  ion  exchange  (.9].  Economics 
plavs  the  major  role  in  determining  whether  it  is  feasible  to 
treat  with  ion  exchange. 

There  are  \  arious  types  of  resins,  but  the  two  basic  classi¬ 
fications  are  cationic  and  anionic  The  cationic  resins  have 
positiveiv  charged  mobile  ions  available  for  exchange, 
while  the  anionic  have  negativelv  charged  mobile  ions 
available  for  exchange  Both  of  these  groups  can  be  further 
classified  a>  strong*  or  weak-base  anion  exchangers.  <ir 
strong-  nr  weak-acid  cation  exchangers,  and  are  so  named 
bet  aiixe  <>t  their  chemical  behav  ior  \h»s(  ificiuxfrtj  /  appde  a- 
•inns  tpsb/e  n.lumnx  with  fixed  Deds  oi  ton-exchang**  rom 
O’ue  tin  rex;;,  ;iav  !»ecome  <* v ! ) a u ^ t < wi .  the  xystem  inuxt  b* 
regenerated  \  catuuuc  resin  is  regenerated  with  avid. 
uh.Kti  *-lin»e'  ‘he  c'lliected  posjti\*  l\  c  .bargi-d  ions  aiui  re- 
piac«*s  them  w  itii  U  it>nx  j. »U< >w ed  !w  a  slow  water  rinse 
nmiove  anv  ri‘x:dua!  ,u  ul  An  anionic  r**xin  is  regenerati-d 
with  caustic  w  Inch  fiii:?es  tin colw-cted  negative!'  ciiargnj 
intiN  and  M-p. aces  them  with  OH-  mux 

I < i r ,  t  \t  bang*,  o  ix»  d  ;p,  tin  metals  and  plating  i ndiixt r:« -x 
t<.  'Mu  poi.ut  .mis  Iren  w  .i%fe\\  ater  alter  a  eonv.  :r- 

?  u  i  r ;  .i  1  .  or  *"  :  *  cover  bath  solution  drag-ou!  ti*»m 

r;:o*  w  at'  r  aVti  :■»  :»  "::u  t!»e  pur: Sled  a  .iter  lor  re-nx«-  <  V.e 
<  \,n:  ;  i»-  '  ,x»  .  -i  ;  m  i  \t  hang*  to  toco'  ■  r  a twi  f*  t  urt. 

v  r  i  "*  •  t  r  i  ;♦  .!  id  •-  'i-  ..til  Mi*  ri  art  lifxt  ■.  <  <i  t  •  i  a  a 

-j  ,  •.  *  \  .  ,i  •  •  • ! ,«  \  .!'<  pu  d  i-  a  v  oust  ai;t  :  ’ « 
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huuvtt-d.  it  is  removed  from  operation  and  regenerated  w  ith 
caustic  and  returned  on-line  as  the  second  column  The 
caustic  regenerant  stream  is  now  sodium  chromate  and  is 
passed  to  the  second  cationic  column.  The  sodium  ions  are 
exchanged  for  hydrogen  ions,  producing  chromic  acid  and 
w  ater,  and  can  he  returned  to  the  bath.  When  the  cationic 
columns  arc  exhausted,  they  must  be  regenerated  with 
caustic,  w  ith  the  regenerant  treated  for  removal  of  heavy 
metals  anti  pH  adjustment. 

The  major  disadvantage  of  the  ion-exchange  system  is  the 
need  to  he  regenerated  after  exhaustion.  This' produces  a 
concentrated  waste  stream  which  has  to  either  be  treated  or 
hauled  away  for  disposal. 

ELECTRODIALYSIS 

Electrodialysis  is  used  to  concentrate  or  separate  ionic 
species  in  a  water  solution.  A  water  solution  is  passed 
through  alternately  placed  anionic  and  cationic  permeable 
membranes  with  an  electric  potential  applied  across  the 
membranes.  The  electric  potential  provides  the  force  to  en¬ 
able  ion  migration.  Therefore,  there  are  two  hydraulic  cir¬ 
cuits.  one  w  hich  is  ion-depleted  while  the  other  is 
ion-concentrated.  The  electrical  potential  across  the  mem¬ 
brane  determines  the  degree  of  purification/concentration 
needed  to  return  the  plating  chemicals  to  the  bath  (-?) 
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INTRODUCTION 


Heavy  metal  pollution  of  our  waters  has  received  increased  attention, 
because  of  the  toxicity  of  heavy  metals  towards  individual  living  organ¬ 
isms  and,  most  importantly,  towards  human  beings.  For  many  years,  water 
treatment  plants  have  been  concerned  with  the  levels  of  Manganese  and 
Iron  in  water  supplies  because  of  the  taste  and  color  they  impart  to  the 
water.  More  recently,  health  effects  of  heavy  metals,  rather  than  these 
aesthetic  effects,  are  becoming  a  topic  of  concern.  Table  1  summarizes 
the  U.S.  Public  Health  Service  Drinking  Water  Standards  for  heavy  metals 
Most  of  these  heavy  metals  have  been  found  in  levels  close  to  or  exceed¬ 
ing  these  standards  in  distribution  systems  throughout  the  country  (l). 

In  1968,  the  American  Water  Works  Association  adopted  water  quality  goal 
that  in  some  instances  were  more  stringent  than  the  U.S.P.H.S.  Drinking 
Water  Standards.  These  goals  were  intended  to  be  more  exacting  than 
U.S.P.H.S.  Drinking  Water  Standards  with  respect  to  aesthetic  qualities. 
AWWA  water  quality  goals  for  heavy  metals  are  also  summarized  in  Table  1 

The  importance  that  has  been  placed  on  the  potential  adverse  impact  of 
heavy  metals  on  the  environment  is  illustrated  by  the  low  permissible 
ambient  concentrations  in  natural  waters  and  the  low  effluent  standards 
promulgated  by  regulatory  agencies.  Typical  ambient  and  e f f 1 uen t- 1 i mi t- 
i ng  concentrations  are  shown  in  Table  2. 

In  spite  of  the  critical  nature  of  heavy  metals  in  drinking  waters,  the 
removal  of  heavy  metals  from  drinking  water  supplies,  has  in  the  past, 
been  limited  in  practice  (at  least  consciously)  to  removal  of  iron  and 
manganese  for  aesthetic  reasons.  Other  heavy-metal  removal  technology 
has  thus  been  applied  almost  exclusively  in  wastewater  treatment.  Many 
industries  practice  heavy-metal  removal  as  pretreatment  prior  to  dis¬ 
charge  to  biological  treatment  systems,  to  avoid  upsets  due  to  the  tox¬ 
icity  of  heavy  metals  to  bacteria. 

In  this  paper,  the  primary  focus  is  on  review  of  heavy-metal  removal 
technology,  parti cularl y  as  it  applies  to  removing  low  concen t ra t i ons 
of  neavy  metals.  A  number  of  industries  with  h  i  gh  concent  ra  t  ions  of 


Water  Quality  Goals  and  Drinkln 
Water  Standards  for  Heavy  Metal 


Zinc  (Zn) 


Table  2 


Heavy-Metal  Water  Quality  Standards* 


Heavy-Me  ta  1 

Ambient  Water 

Qual i ty  Standard 

E  f  f  1  uent 
S  tandard 

mg/1 

mg/ 1 

Aluminum  (Al) 

— 

— 

Arsenic  (Ar) 

1.0 

0.25 

Barium  (Ba) 

5.0 

2.0 

Cadmi urn  (Cd) 

0.05 

0.15 

Ch  rom i um  ( C  r  ) 

0.05 

O 

O 

Chromium  (Cr+^) 

1.0 

1.0 

Copper  (Cu) 

0.02 

1.0 

1  ron  ( Fe) 

1.0 

2.0 

Lead  (Pb) 

0.10 

0.10 

Manganese  (Mn) 

1 .0 

1  .0 

Mercury  (Hg) 

0.0005 

0.0005 

Ni eke  1  (Ni ) 

1.0 

1  .0 

Selenium  (Se) 

1.0 

1 .0 

S i 1 ve  r  (Ag) 

0.0005 

0.10 

Zinc  (Zn) 

1.0 

1  .0 

*Current  Standards  of  the  State  of  Illinois. 

Changes  recommended  by  an  Effluent  Standards^ 
Advisory  Group  include:  lower  chromium  (Cr”) 
from  0.30  to  0.10;  lower  copper  (Cu)  from  1.0 
to  0.50;  raise  lead  (Pb)  from  0.10  to  0.20;  raise 
mercury  (Hg)  from  0.0005  to  0.003;  and  keep  selenium 
(Se)  as  an  effluent  standard  rather  than  an  ambient 
water  quality  standard. 


heavy  metals  in  their  wastewaters  practice  metal  recovery;  the  methods 
for  metal  recovery  are  mentioned,  but  not  emphasized  in  this  paper.  The 
treatment  methods  covered  include: 

Precipi tation 
Ion  Exchange 
Adsorpt i on 
Ox  i  da t ion /Re duct i on 

Since  solids  removal  is  a  significant  factor  in  effective  heavy-metals 
removal,  settling  and  filtration  are  also  covered. 

PRECIPITATION 

Simple  precipitation  is  the  oldest  and  most  widely  used  method  for  re¬ 
moval  of  heavy  metals.  It  is  also  a  very  effective  and  well  proven 
method,  and  one  which  will  probably  continue  to  be  the  most  popular  meth¬ 
od  for  removing  heavy  metals,  even  to  very  low  concentrations.  When  de¬ 
signed  and  operated  properly,  precipitation  methods  for  removing  heavy 
metals  are  very  effective. 

Most  metal  hydroxides  are  relatively  insoluble  in  water.  Their  precipi¬ 
tation  is  governed  by  the  relative  concentrations  of  the  precipitation 
chemical  and  of  the  metal  ion  in  solution,  and  by  the  pH.  An  excess  of 
precipitation  chemical  beyond  the  amount  needed  to  meet  the  stoichiometric 
relationship  is  required.  This  excess  can  best  be  determined  from  prac¬ 
tical  experience.  In  most  cases,  the  metal  concentration  in  solution 
in  the  effluent  is  a  function  of  the  final  chemical  equilibrium  treatment 
condition,  and  is  independent  of  the  initial  metal  concentration.  Generally, 
as  the  pH  increases,  the  solubility  of  the  metal  hydroxide  decreases.  (This 
is  illustrated  in  Figure  1.)  While  heavy-metal  precipitation  generally 
depends  on  this  metal  hydroxide  solubility,  other  precipitates  (e.g., 
metal  oxides  and  sulfides)  are  also  important  in  some  cases. 

Since  many  of  the  heavy  metals  form  insoluble  hydroxides  or  oxides  at  a 
pH  of  II,  lime  treatment  is  effective  in  the  precipitation  of  these  metals. 

To  remove  the  precipitates,  lime  treatment  must  be  followed  by  settling, 
and  to  achieve  low  concentrations  of  heavy  metals  in  the  effluent,  the 
settling  must  often  be  preceded  by  coagulation  and  often  followed  by 
filtration.  Table  3  summarizes  the  extent  of  heavy-metals  treatment 
achievable  by  lime  treatment,  as  well  as  other  precipitation  methods. 

A  review  of  this  Table  makes  it  clear  why  lime  treatment  is  so  important 

for  heavy  metals  removal.  It  is  a  very  effective  technology. 

✓ 

Many  water  -  treatmen t  plants  practice  heavy-metal  removal  incidentally,  in 
the  course  of  lime-soda  water-softening.  Even  without  the  lime-soda  pro¬ 
cess,  water  treatment  plants  practice  some  degree  of  heavy-metal  removal 
merely  through  solids  removal  (i.e.,  coagulation,  settling  and  filtration), 
because  many  heavy  metals  are  relatively  insoluble  even  at  neutral  pH's. 


Metal  Concentration  (mg/ L) 


100 
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L 

ime  Treatment 

Other 

Prec ipi tat  ion  Methods 

Metal 

pH 

Effluent  Concentration 

Concentra  t ion 

Oescr i ot i on 

mg/L 

mg/L 

Arsenic,  As 

t  I 

0.03 

0.05<2) 

Sulfide  *  pH  •  6.7 

0.0S(2) 

Ferric  Chloride  Coagulation 

3arium,  8a 

ii  ,5<21 

0.9<i<2) 

0.C3  ^2) 

Ferric  Sulfate  with  Lime 

9  pH  -10. 

n  ,o< ') 

,.)(') 

0.27(2) 

Ferric  Sulfate  $  pH  •  6 

Cadmium,  Cd 

lO^2' 

0.  1 f2' 

O.O^2* 

Fe(0H)2  &  lime  2  pH  •  10 

>1.5(21 

0.0|I|*2' 

CO 

O 

o 

Fe  (OH) 2 

C  h  rom i um ,  C  r 
(hexava 1 ent) 

Cannot  be 

precipi tated 

C  h  rom i um ,  C  r 
f  tri valent) 

9.5(,) 

8 . 5  -  a ,  j  ( 2 ) 

0.J»O) 

0.06(:) 

Coooer,  Cu 

9  -  10.3<2! 

O.S(2i 

1 ron ,  ce 

10. 8^" 

0.1^" 

0.5(2) 

Oxiaation  of  Ferrous  to 

Ferric  results  in  precipi¬ 
tation  of  hydroxide  at  pH  •  7 

Lead,  Pb 

n.c(2) 

o 

o 

to 

to 

•  0.0J 

Ferric  Sulfate  and  lime 
«  OH  •  10 

0.03 

Ferric  Sulfate  i  pH  «  6.0 

Manganese,  *n 

io.s(,) 

<0. 1 

0.05 

Oxidation  of  Manganous 
results  in  precipitation 
of  hydroxide  at  pH  ■  7 

Mercury,  Hg 

Hot  Appl i cab  1 e 

0.1  -  0.3 

Sulfiae  after  oxidation 
to  Mercuric  !on 

nickel,  Hi 

n.s«> 

o.l  -  0.2(2) 

0.35<2' 

Ferrous  Sulfate  and 
lime  ■  pH  ■  13 

Selenium,  Se 

Hot  Apo 1 i cab  1 e 

0.S(2> 

(little  supoor t i ng 

da  ta ) 

Sulfide  at  pH  •  6.5 
(1 i ct 1 e  support i ng  data) 

Silver,  Ag 

!  ! 

0.m<2> 

Chloride 

The  effectiveness  of  heavy-metal  precipitation  can  be  greatly  reduced  by 
interferences  and/or  a  number  of  complexing  agents.  Although  various 
organic  materials  can  form  complexes  with  metals,  the  most  common  heavy- 
metal  complexing  agent  is  cyanide,  which  complexes  with  many  metals  thus 
increasing  the  overall  solubility  of  the  metals.  Removal  of  Cyanide  is 
usually  required  for  effective  precipitation  of  heavy  metals.  The  most 
common  method  for  such  removal  is  oxidation  by  chlorination  to  carbon 
dioxide  and  nitrogen. 

Precipitation  processes  are  not  the  complete  answer  to  all  heavy-metal 
removal  problems,  but  are  often  at  least  part  of  the  answer.  Precipi¬ 
tation  is  a  common  process  in  water-treatment  plants,  which  for  years 
have  been  involved  with  unit  processes  such  as  lime  softening,  floc¬ 
culation,  sedimentation,  aeration,  and  filtration.  Thus,  many  water-treat¬ 
ment  plants  have  been  achieving  some  heavy-metals  removal,  and  with  some 
process  modification,  greater  removals  may  be  achieved  with  existing 
equipment. 

SOLIDS  REMOVAL 

Effective  solids  removal  is  extremely  important  in  heavy-metals  removal  by 
precipitation.  In  removing  low  concentrations  of  heavy  metals,  solids  re¬ 
moval,  rather  than  solubility,  often  becomes  the  limiting  factor.  Metal 
hydroxides,  although  insoluble,  tend  to  form  bulky  but  light  flocculent 
particles  which  are  often  difficult  to  remove  by  clarification  unless 
coagulant  aids  are  used. 

Filtration  following  clarification  is  usually  required  to  achieve  very 
low  concentrations  of  heavy  metals.  Good  examples  of  the  importance  of 
filtration  are  shown  in  Table  4,  which  indicates  that  filtration  makes 
as  much  as  one  order  of  magnitude  difference  in  the  concentration  of 
heavy  metal  achieved  after  precipitation  and  cl  ar  i  f  i  cat  i  on . 

Another  important  role  of  solids  removal  is  as  a  pretreatment  operation 
in  heavy-metal  removal  by  processes  such  as  ion  exchange,  reverse  osmosis, 
activated  carbon  adsorption,  and  electrodialysis.  Accumulation  of  solids 
in  reverse  osmosis  and  electrodialysis  membranes  or  in  ion  exchange  and 
carbon  media  can  adversily  affect  the  operation  of  these  processes. 

In  summary,  very  good  solids  removal  is  invariably  required  to  achieve 
low  heavy-metal  concentrations,  and  filtration  is  usually  required. 

ION  EXCHANGE 

The  ion  exchange  process  has  been  used  by  many  industries  for  water  treat¬ 
ment  when  extremely  high  purity  of  water  is  required.  Ion  exchange, 
however,  is  capable  of  removing  only  ionic  species  from  water;  suspended 
materials  (solids)  are  not  removed  by  ion  exchange  and  are  usually  detri¬ 
mental  to  the  process,  because  they  can  foul  the  ion-exchange  beds. 


Table  4 

Attainable  Concentration  of  Various  Metals 


Precipi tat  ion 

and  With 

C 1  a  r ification  F i 1 tra  t ion  Reference 
mg/L  mg/L 


Ion  exchangers  are  simply  insoluble  electrolyte  materials  which  exchange 
ions  with  a  solution.  There  are  two  main  classes:  cations  and  anions. 

A  cation  exchanger  removes  only  pos i t i ve I y-cha rged  ions  from  solution, 
while  an  anion  exchanger  removes  only  negat i ve 1 y-charged  ions  from  sol¬ 
ution.  Ion  exchange  processes  are  very  effective  in  removing  heavy 
metals  to  very  low  concentrations,  but  they  are  relatively  non-selecti  ve 
and  also  remove  other  ions  of  like  charge.  Thus,  if  the  removal  of  heavy 
metals  in  the  presence  of  high  concentrations  of  other  dissolved  inorganics 
(e.g.,  Na  ,  Ca*"*-)  is  desired,  ion  exchange  will  not  selectively  remove 
the  heavy  metals,  and  the  resin  will  be  spent  rapidly. 

Ion  exchange  resins  are  usually  regenerated,  and  the  spent  regenerant  is 
in  effect  a  more  concentrated  wastewater  stream  contaminated  with  the 
same  ions  (heavy  metals)  that  were  removed  from  the  more-dilute,  treated 
stream.  This  wastewater  must  be  disposed  of,  and  the  disposal  often  re¬ 
quires  treatment  for  removal  of  heavy  metals.  In  effect,  ion  exchange 
will,  remove  low  concentrations  of  heavy  metals  very  effectively  and  con¬ 
centrate  them  in  a  stream  of  less  volume,  which  can  be  treated  by  pre¬ 
cipitation  or  other  recovery  processes.  Ion  exchange,  therefore,  is 
most  applicable  as  a  scavenging  or  polishing  treatment  unit. 

The  utilization  of  ion  exchange  in  water  treatment  has  been  mainly  in 
connection  with  water  softening,  and  a  strong  acid  cation  exchanger  (sul- 
fonated  copolymer  resin  of  styrene  and  d  i  viny  1  benzene)  is  most  often 
used.  The  ion  exchange  reactions  can  be  represented  as  follows: 


Na  +  Ca  (or  Mg  ) 


(RS03)2  Ca  (or  Mg)  +  2Na 


A  10  percent  (or  stronger)  solution  of  NaCI  is  normally  used  to  regenerate 
the  resin. 

Most  heavy-metal  cations  will  exchange  with  the  strong  acid  cation  resins 
used  in  water  softening.  As  mentioned  previously,  selectivity  for  re¬ 
moval  of  specific  ions  is  not  good,  but  there  are  conditions  where  cer¬ 
tain  ions  are  more  readily  exchanged.  Concentration  and  valence  are  two 
factors  which  influence  cation  exchange.  Ions  present  in  high  concen¬ 
trations  will  exchange  more  than  those  in  low  concentrations. | ^At  equal 
concentration  the  removal  of  divalent  cations  (e.g.,  Mn  ,  Cu  ,  Pb-^) 
will  be  greater  than  that  of  monovalent  cations  (e.g.,  Na+,  Li  ,  NH^  ). 

A  consequence  of  this  valency  influence  is  the  increase  of  sodium  concen¬ 
tration  in  the  treated  water. 

ADSORPTION 

The  use  of  adsorption  for  removal  of  heavy  metals  has  been  reported  for 
arsenic,  cadmium,  chromium,  copper,  mercury,  and  nickel.  The  mechanism 
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for  metals  removal  with  adsorptive  materials  such  as  activated  carbon  is 
not  fully  understood,  but  the  following  can  be  postulated  with  reasonable 
con  f i dence : 

1.  Heavy  metals  are  known  to  form  soluble  complexes  with  organic 
compounds.  In  the  presence  of  such  organics,  heavy-metals 
removal  may  be  achieved  by  complexing  followed  by  adsorption 
of  the  organics. 

2.  Heavy  metals  can  form  hydroxide  complexes  which  in  effect  can 
act  like  polymers.  It  is  possible  that  these  hydroxide  com¬ 
plexes  can  form  hydrated  molecules  large  enough  for  adsorp¬ 
tion  to  be  effective. 

Generally  speaking,  adsorption  processes  are  not  as  applicable  as  preci¬ 
pitation  or  ion  exchange;  however,  their  use  should  be  considered  in 
special  applications,  particularly  those  in  which  precipitation  and  ion 
exchange  are  ineffective. 

0X1 DATI ON/REhUCTION 

Oxi da t i on/reduc t i on  processes  play  an  important  role  in  heavy  metals  re¬ 
moval,  particularly  by  precipitation.  For  example,  in  order  to  achieve 
effective  precipitation  of  iron  at  a  near-neutral  pH,  ferrous  iron  must 
be  oxidized  to  ferric,  which  occurs  very  readily  at  neutral  pH  in  the 
presence  of  oxygen.  Aeration  is  usually  sufficient  to  accomplish  this 
oxi  dation. 

Manganese  is  soluble  in  water  in  the  forms  of  manganous  and  permanganate 
ions.  The  permanganate  ion  is  a  strong  oxidant  and  is  reduced  under 
normal  circumstances  to  insoluble  manganese  dioxide.  The  manganous  ion, 
however,  must  be  oxidized  to  the  insoluble  manganic  ion.  Unlike  iron, 
the  manganous  ion  is  not  oxidized  readily  by  means  of  aeration  at  neutral 
pH,  and  requires  either  aeration  a  higher  pH  (  »<10)  or  chemical  treat¬ 
ment.  Chemical  treatment  involves  the  use  of  a  strong  oxidant  such  as 
chlorine,  ozone,  hypoch 1  ora te ,  chlorine  dioxide,  manganese  dioxide,  or 
potassium  pe rmangana te . 

In  order  to  precipitate  mercury  as  mercuric  sulfide,  mercurous  and  organic 
mercury  compounds  must  be  oxidized  to  mercuric  ion.  The  reduction  of 
mercury  ions  to  free  elemental  (insoluble)  mercury  has  also  been  proposed 
as  a  method  of  mercury  removal  by  precipitation. 

As  indicated  in  Table  3f  trivalent  chromium  can  be  precipitated  as  a  hydro¬ 
xide  by  means  of  lime  treatment  but  hexavalent  chromium  cannot.  Reduction 
of  hexavalent  chromium  from  a  valence  state  of  plus  six  to  plus  three,  and 
subsequent  precipi tation  of  the  trivalent  chromium  ion,  is  the  most  common 
method  of  hexa  va  1  en  t-ch  romi  urn  removal.  The  most  common  reduction  process 
is  an  acid  reduction  in  wh ich  the  pH  is  1  owe  red  with  sulfuric  acid  to  a 
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pH  of  3  or  below  and  the  hexavalent  chromium  is  converted  to  tri valent 
chromiumwith  a  chemical  reducing  agent  such  as  sulfur.  Other  reducing 
agents  include  sodium  bi sul fi te,  sod i um  me  tab i su ! f i te ,  sodium  hydro¬ 
sulfite,  and  ferrous  sulfate. 


A  very  common  complication  to  heavy-metal  precipitation  is  the  presence 
of  cyanide,  a  toxic  contaminant  in  its  own  right,  which  is  often  found 
in  wastewater  streams  with  heavy  metal  contamination.  The  cyanide  forms 
complexes  with  heavy  metals,  thus  increasing  the  solubility  of  the 
metals  and  decreasing  the  effectiveness  of  precipitation.  Cyanide  is 
an  organic  structure  which  can  be  destroyed  by  oxidation  to  carbon  dioxide 
and  nitrogen,  and  the  most  common  oxidant  used  for  its  destruction  is 
chlorine.  Complete  oxidation  of  cyanide  is  usually  a  two-step  procedure 
requiring  close  control  of  pH.  The  first  step  is  oxidation  of  the  cyanide 
to  cyanate  at  pH  10  or  higher.  The  second  step  is  oxidation  of  cyanate 
to  CO  and  nitrogen  by  addition  of  excess  chlorine  at  a  pH  of  8-8. 5. 
Cyanate  can  also  be  oxidized  to  CO2  and  ammonia  by  acid  hydrolysis  at 
pH  2  to  3,  usually  by  the  addition  of  sulfuric  acid. 


MISCELLANEOUS  PROCESSES  ft 

A  number  of  other  treatment  processes  are  applicable  for  removal  of  heavy 
metals,  particularly  in  specialized  applications.  Reverse  osmosis,  elec¬ 
trodialysis,  and  evaporation  processes- have  been  used  to  achieve  concentrations 
of  heavy  metals  for  recovery  purposes.  Additional  treatment  is  usually 
required  in  conjunction  with  these  processes,  however,  and  costs  are  • 

usually  quite  high.  Other  processes  that  have  been  considered  for  removing 
heavy  metals  from  water  include  solvent  extraction  and  freezing;  generally 
speaking,  these  processes  warrant  consideration  only  where  recovery  of 
a  valuable  metal  is  practical. 

SLUDGE  DISPOSAL  B 

The  end  result  of  most  heavy-metal  removal  processes  is  a  sludge;  which 
must  ultimately  be  disposed  of.  Typically,  heavy-metal  sludges  are  land- 
filled.  An  important  consideration  in  the  disposal  of  heavy-metal  sludges 
is  that  many  of  the  solids  can  go  back  into  solution  when  the  pH  decreases. 

The  reversibility  of  precipitation  is  such  that  rainwater,  with  its  rela-  * 

tively  low  pH,  can  cause  the  heavy-metal  solids  to  go  back  into  solution. 

Treatment  of  landfill  leachates  has  been  proposed,  but  this  merely  re¬ 
sults  in  more  heavy-metal  sludge  and  thus  a  cyclic  operation. 


Landfilling  of  heavy-metal  sludges  is  indeed  a  feasible  method  of  dis-  ^ 

posal,  if  proper  care  is  taken  to  segregate  it  from  other  sludges  and 

to  avoid  contact  with  surface  or  ground  water.  Nevertheless,  the  trend 

towards  more  frequent  occurrence  of  leachate  problems  points  to  the  need 

and  possible  future  trend  towards  heavy-metal  source  control  and  metal 

recove  ry . 

ft 
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INTEGRATED  APPROACH  (CASE  STUDY)  (5) 


In  order  to  illustrate  some  of  the  principles  that  have  been  touched  on 
in  this  paper,  a  case  study  of  industry  discharging  metal  wastes  is  pre¬ 
sented  herein.  This  case  study  is  based  on  a  Weston  industrial  client, 
and  was  previously  presented  at  AlChE's  82nd  National  Meeting  (1976)  (5). 
Although  this  particular  case  study  involves  the  removal  of  relatively 
high  metal  concentrations  from  water,  the  principles  involved  are  never¬ 
theless  applicable  to  removal  of  low  concentrations. 

The  treatment  facilities  for  this  industry  were  designed  on  the  basis 
of  the  influent  and  effluent  waste  characteristics  shown  in  Table  5,  and 
the  effluent  quality  predicted  in  Table  5  was  based  on  wastewater  treat- 
ab  i  1  i  ty  studies.  A  flow  diagram  of  the  treatment  process  involved  is 
shown  in  Figure  2. 

The  heart  of  the  process  is  single-stage  lime  treatment,  a  very  traditional 
treatment  process.  Because  of  the  cyanide  and  hexavalent  chromium  pre¬ 
sent  in  the  wastewaters,  the  more  concentrated  streams  are  isolated  and 
pretreated  (through  cyanide  oxidation  and  chromium  reduction)  prior  to 
the  1  i  me  treatment. 

The  importance  of  good  solids  removal  is  well  reflected  in  the  design 
of  this  treatment  system,  which  includes  a  f loccu 1 ator-c I ar i f ier  followed 
by  polishing  filters  and  effluent  polishing  lagoons.  Since  a  number  of 
heavy  metals  required  precipitation  in  a  single  stage,  design  of  the 
process  required  knowledge  of  the  effect  of  pH  on  solubility.  Investiga¬ 
tion  disclosed  chat  this  relationship  varied  from  time  to  time,  and 
Figure  3  illustrates  the  typical  soluble  metal  concentration  vs.  pH  data 
for  this  wastewater  at  a  given  time.  The  minimum  concentration  for  each 
metal  varies  from  day  to  day,  depending  on  many  production  variables 
and  probably  also  on  the  presence  of  complexing  agents.  Figure  3  indicates 
that  the  optimum  pH  for  Zn  removal  is  between  8  and  9,  while  for  copper 
it  is  nearly  11.  In  order  to  achieve  maximum  overall  removal  of  metals, 
the  system  was  designed  to  be  maintained  at  a  pH  of  9-10.  Should  lower 
concentrations  of  metals  in  the  effluent  be  required,  a  two-  or  three- 
stage  precipitation  process  would  be  required,  because  the  minimum  solu¬ 
bility  of  each  of  the  metals  involved  occurs  at  a  different  pH. 

Table  6  is  a  summary  of  the  operating  records  from  the  plant  during  the 
twelve  months  following  start-up.  The  plant  is  operated  to  minimize  total 
metals  in  the  effluent,  and  an  on-site  atomic  absorption  unit  provides 
current  operational  data  needed  for  pH  adjustment  and  optimal  plant  control. 

The  copper  problem  encountered  in  this  project  is  of  particular  interest. 
Unusually  high  copper  concentrations  after  lime  treatment  were  often  ob¬ 
served,  both  in  the  treat! b i 1 i ty  testing  program  (see  Table  5,  which  pre¬ 
dicts  an  effluent  copper  concentration  of  2.65  mg/l)  and  in  first  two 
months  of  operation  of  the  treatment  plant  (2.33  mg/l  in  December,  1973 


Table  5 
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(5) 

Design  Influent  and  Effluent  Characteristics 


1  nf 1 uent 

E  f f 1 uent 

Total  Flow,  gpd 

274 ,000 

274,000 

» 

Cyanide  Flow,  gpd 

12,500 

12,500 

Chromium  Flow,  gpd 

11,500 

11,500 

COD,  mg/L 

300 

160 

(100)* 

» 

Suspended  Solids,  mg/L 

195 

10 

pH 

10.5 

CD 

• 

V-n 

Total  Dissolved  Solids,  mg/L 

740 

1,025 

» 

Copper,  mg/L 

29 

2.65 

Zinc,  mg/L 

5.0 

0.50 

Cadmium,  mg/L 

1.8 

0.07 

1 

Nickel,  mg/L 

1.5 

0.01 

Total  Chromium,  mg/L** 

0.16 

G.05 

m 

Total  Heavy  Metals,  mg/L 

37.5 

3.28 

w 

Cyanide,  mg/L 

200 

0.05 

» 

*  Permit  application  stated  100  mg/L  average,  150  mg/L  maximum 
(Actual  permit  did  not  include  any  limitations.) 

**  Based  on  data  from  existing  plant. 


-13- 


i 


» 


Soluble  Metal  Concentration  vs  pH 


and  2.4l  mg/L  in  January,  197*0.  Investigation  of  the  problem  disclosed 
that  the  cause  was  intermittent  discharges  of  a  small  quantity  of  organic 
material  into  the  process  sewer.  When  this  discharge  was  stopped,  the 
concentration  of  copper  in  the  effluent  decreased  substantially  (0.39 
to  0.77  mg/L,  averaging  0.5**  mg/L  in  the  next  ten  months).  Apparently, 
the  organic  material  had  been  completing  with  the  copper,  thereby  in¬ 
creasing  its  solubility  and  inhibiting  its  precipitation. 

SUMMARY  AND  CONCLUSIONS 


Heavy-metal  removal  has  historically  relied  on  precipitation  and  good 
solids  removal  by  sedimentation  and  filtration.  However,  a  number  of 
other  treatment  processes,  most  notably  ion  exchange,  can  also  accomplish 
heavy-metals  removal.  Other  processes,  such  as  adsorption,  freezing, 
reverse  osmosis,  electrodialysis,  evaporation,  and  solvent  extraction 
have  limited  practical  applicability.  Problems  associated  with  the  ul¬ 
timate  disposal  of  heavy-metal  wastes  indicate  a  probable  future  trend 
toward  heavy-metal  source  control  and  recovery. 

It  is  important  to  note  that  both  the  precipitation  and  the  ion  exchange 
processes,  particularly  precipitation,  are  traditional  water-treatment 
processes.  Lime  treatment  is  widely  practiced  for  removal  of  calcium 
and  magnes i urn  ions  in  water  softening.  Jon  exchange  has  also  been  used 
for  the  same  purposes;  however,  because  of  higher  cost,  ion  exchange 
normally  is  used  for  water  softening  only  i n  special i zed  appl i cations 
where  the  qual i ty  of  water  must  be  very  high.  It  is  thus  likely  tha; 
many  wa  te  r-t  rea  tmen  t  plants  are  al ready  achieving  some  degree  of  heavy- 
metals  removal,  and  that  with  minor  process  modi fications  high  degrees 
of  removal  could  be  achieved. 

Carbon  adsorption  may  be  important  where  the  presence  of  organic  com¬ 
pounds  results  in  metal  complexes  which  interfere  with  precipitation. 
Carbon  adsorption  also  is  a  fairly  common  water-treatment  process. 

The  use  of  other  heavy-metal  removal  processes  should  not  be  ignored, 
but  their  applicability  is  highly  specialized,  and  their  use  is  justified 
only  after  full  consideration  of  the  more  traditional  heavy-metal  re¬ 
newal  technology. 
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a.  METHOD  AND  RESULTS. 


a.  GENERAL. 

(1)  Modified  VSD  and  MSD  LRUs  replaced  fleet  standard  MSD  and  VSD 
units  in  the  F-111D  test  aircraft.  Mission  profiles  were  selected  to  evaluate 
the  capability  and  interoperability  of  the  modified  MSD/VSD  with  the 
integrated  aircraft  system. 

(2)  Fourteen  test  sorties,  ten  effective  and  four  noneffective,  were 
flown  by  the  431  TES  expending  105  bombs  to  evaluate  the  modified  MSD/VSD. 

(3)  MX  106  and  bomb  dummy  unit  ( BDU )- 33  practice  munitions  were  used 
for  all  deliveries.  The  following  weapons  deliveries  were  examined:  radar 
laydown  (RLD),  RLD  beacon  (BCN),  moving  target  detection  (MTD),  low-angle 
low-drag  (LALD),  dive,  dive  toss,  low  toss  (L  TOSS),  and  visual  laydown  (VLD). 
These  provided  data  for  typical  F-111D  weapon  deliveries  and  navigation 

prcfi  1  es . 

(4)  Weapon  deliveries  conformed  to  procedures  and  constraints 
outlined  in  AFP,  50-46,  TACM  51-50,  TACR  55-111,  Naval  Air  Station  Fallon 
(NASF)  Instruction  3710. 5L,  and  appropriate  range  operation  manuals  and 

directi ves . 

b.  OBJECTIVE  1.  Evaluate  the  capability  of  the  modified  MSD. 

(1)  Measure  of  Effectiveness  (M0E). 

(a)  Results  of  aircrew  selected  MSD  modes/submodes. 

(b)  Qualitative  assessment  of  displays  and  mechanization. 

(c)  Circular  error  probable  (CEP). 

(2)  Evaluation  Criteria.  Source:  57  Fighter  Weapons  Wing  (FWW)/DT. 

(a)  Modified  MSD  must  respond  properly  100  percent  of  the  time 
to  all  aircrew  selected  modes,  submodes,  and  functions  I  AW  TO  1F-111D-1-2. 
Improper  responses  not  attributed  to  MSD  design  deficiencies  were  excluded 
from  consideration. 

(b)  Test  team  rating  of  satisfactory. 

(c)  Base  threshold  CEP  evaluation  criteria  were  dependent  on 
delivery  mode  and  are  listed  in  Table  1.  The  base  threshold  CEP  was  derived 
from  previous  test  results  or,  when  there  were  no  previous  test  results  for  a 
delivery  mode,  431  TES  CEPs  demonstrated  during  training  missions.  The 
adjusted  threshold  was  analytically  derived  by  the  project  operations  analyst 
to  give  a  more  meaningful  measure  for  evaluation  by  relating  the  "base  CEP"  to 
the  actual  sample  size. 
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